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P r e f a c e  
I n t e r e s t  i n  wa te r  r e s o u r c e s  sys tems ha s  been 
a c r i t i c a l  p a r t  of r e s o u r c e s  and environment re- 
l a t e d  r e s e a r c h  a t  IIASA s i n c e  i t s  i n c e p t i o n .  A s  
demands f o r  wa te r  i n c r e a s e  r e l a t i v e  t o  supp ly ,  
t h e  i n t e n s i t y  and e f f i c i e n c y  of wa te r  r e s o u r c e s  
management must be developed f u r t h e r .  T h i s  i n  
t u r n  r e q u i r e s  an i n c r e a s e  i n  t h e  deg ree  of d e t a i l  
and s o p h i s t i c a t i o n  of  t h e  a n a l y s i s ,  i n c l u d i n g  
economic, s o c i a l  and environmenta l  e v a l u a t i o n  of  
wa te r  r e s o u r c e s  development a l t e r n a t i v e s  a i d e d  by 
a p p l i c a t i o n  of  mathemat ica l  mode l l ing  t e chn iques ,  
t o  g e n e r a t e  i n p u t s  f o r  p l ann ing ,  de s ign  and 
o p e r a t i o n a l  d e c i s i o n s .  
I n  t h e  y e a r s  of  1976 and 1977 IIASA has  
i n i t i a t e d  a c o n c e n t r a t e d  r e s e a r c h  e f f o r t  f ocus ing  
on m o d e l l i n g  and f o r e c a s t i n g  o f  w a t e r  demands. 
Our i n t e r e s t  i n  w a t e r  demands d e r i v e d  i t s e l f  from 
t h e  g e n e r a l l y  a ccep t ed  r e a l i z a t i o n  t h a t  t h e s e  
fundamental  a s p e c t s  of wa te r  r e s o u r c e s  management 
have n o t  been g i v en  due c o n s i d e r a t i o n  i n  t h e  p a s t .  
T h i s  paper ,  t h e  f o u r t h  i n  t h e  IIASA wate r  
demand series, r e p o r t s  on wa te r  u s e  and demand 
f o r e c a s t i n g  i n  Canada. A s  a r e s u l t  of t h e  Workshop 
on Modell ing of  Water Demands (Laxenburg, 17-21 
January  1977) ,  it i s  one of s e v e r a l  i n v i t e d  
c o n t r i b u t i o n s  t o  our  Survey on Methods f o r  E s t i -  
mating Water Demands and Wastewater Discharges .  
D r .  Janusz  K ind l e r  
Task Leader 

Abstract 
This paper reviews the state-of-the-art with 
regard to water use and demand forecasting in Canada, 
and presents a framework for such studies in a 
national, regional, and river basin context. The 
paper demonstrates that, in view of Canada's over- 
all water abundance, water supply has been the 
primary orientation of most Canadian studies, with 
little attention paid in the past to the water use 
side of the resource. Yet, as shown in the paper 
there are'several problems arising in Canada which 
require water use and demand forecasting studies; 
these are recurring water shortages in some parts 
of the country, the growing importance of energy 
production, the investigation and solution of con- 
flicts between water uses, the need to consider 
water uses in managing water auality, and the needs 
frequently to take water uses into account in solv- 
ing international water management problems. The 
paper then outlines the constituents of an adequate 
water demand forecasting program, including an 
altenative futures framework, a systems approach, 
water pricing, technological change and economic 
interrelationships. Canadian efforts in water de- 
mand forecasting are then reviewed, the finding 
being generally that most studies have used the 
simplistic coefficients approach. Exceptions have 
occurred in the few studies done at Canadian uni- 
versities, mainly on residential water use, which 
use much more adequate methodologies than the coef- 
ficients approach. The paper concludes by present- 
ing a framework being developed in Canada for water 
demand forecasting at both the national and local 
(river basin) levels. 

. INT?ODUCT I O N  
Cdnada i s  one o f  t he  w o r l d ' s  most we1 1 -endowed c o u n t r i e s  
w i t h  r espec t  t o  water  supply.  O f  t he  c o u n t r y ' s  t o t a l  area of j u s t  
under 10 m i l  i i o n  sq. km, about 7.6% i s  covered by water,  i n c l u d i n g  
a s u b s t a n t i a l  p o r t i o n  o f  t he  w o r l d ' s  l a r g e s t  l a k e  system, t he  
Great  Lakes. O f  course, n o t  a l i  o f  t h i s  water  i s  a v a i l a b l e  f o r  use, 
as much i s  s t o r e d  i n  lakes and swamps, o r  f r ozen  i n  permanent g l a c i e r s .  
A b e t t e r  measure o f  water a v a i l a b i l i t y  f o r  use i s  streamflow, and 
here a l s o  Canada has fo rmidab le  advantages. The average annual 
r uno f f  i n  Canada as a whole i s  107,000 m3/sec., about 9% o f  t h e  
wo r l d ' s  t o t a l .  With l e s s  than 1% o f  t he  w o r l d ' s  t o t a l  popu la t ion ,  
t h i s  i s  c l e a r l y  a generous n a t u r a l  endowment. 
Aggregate data,  however, can be mis lead ing .  I n  t e r n s  of 
t he  water  resources a v a i l a b l e  f o r  man's use, t he  s p a t i a l  and temporal 
c h a r a c t e r i s t i c s  o f  Canada ' s water  supply  must be considered. These 
c h a r a c t e r i s t i c s  a r e  d e a l t  w i t h  r i g o r o u s l y  elsewhere (1) ;  here, o n l y  
a  few o f  t he  s a l i e n t  p o i n t s  a r e  mentioned. Canada i s  a  very  l a r g e  
coun t ry  w i t h  w ide l y  va ry i ng  c l i m a t i c  and geographic cond i t i ons .  
About o n e - t h i r d  of the  t o t a l  p r e c i p i t a t i o n  f a l l s  as snow, t o  be 
s to red  u n t i l  sp r ing ,  when -it runs o f f  q u i t e  r a p i d l y .  Some use i s  
made o f  t h i s  water,  f o r  example f o r  w i n t e r  spo r t s  o r  f o r  waste 
a s s i m i l a t i o n  du r i ng  t he  s p r i n g  f r eshe t ,  b u t  i t s  use i s  minimal due 
t o  r a p i d  r u n o f f .  About two - th i r ds  o f  Canada's renewable wate r  
supply  f l ows  northward, away f rom t h e  cen te rs  o f  popu la t ion .  Th i s  
water  i s  a l s o  used o n l y  m in ima l l y .  Because o f  evaporat ion,  o n l y  
50-60% o f  t h e  maximum poss i  b l  e  wate r  supply  ( p r e c i p i t a t i o n )  i s  
a v a i l a b l e  as r u n o f f .  Thus, c l i m a t i c  and geographic i n f l uences  on 
evapora t ion  a r e  very  impo r tan t  i n  de te rmin ing  a c t u a l  a v a i l a b l e  
runo f f .  The concept o f  r e1  i a b l e  f l o w  descr ibes  a runoff  l e v e l  which 
i s  a v a i l a b l e  du r i ng  a g i ven  p r o p o r t i o n  o f  t he  t ime  (2 ) .  R e l i a b l e  
annual f l o w  has been de f i ned  as t h e  annual r u n o f f  a v a i l a b l e  90% of 
t h e  t ime, o r  9  years  o u t  o f  10. S i m i l a r l y ,  r e l i a b l e  minimum month ly  
f l o w  i s  the  r u n o f f  a v a i l a b l e  i n  a l l  b u t  the  lowes t  month i n  10 years.  
Both o f  these f l o w  l e v e l s  a re  cons iderab ly  lower  than t h e  mean annual 
f low, as shown i n  Table 1.  
I n  s p i t e  o f  s p a t i a l  and temporal cons idera t ions ,  most 
areas o f  Canada have water  supp l i es  s i g n i f i c a n t l y  i n  excess of 
c u r r e n t  uses. I n  1972, an i n t e r n a l  f ede ra l  government s tudy compared 
Table 1 COMPARISON OF FLOW LEVELS BY REGION FOR CANADA 
(% of mean annual f l o w )  
Reg i on 
A t l a n t i c  
Quebec 
On ta r i o  
P r a i r i e  
P a c i f i c  
Re1 i ab l  e  Annual Flow Re1 i ab l  e  Minimum 
Monthly Flow 
d a i l y  water wi thdrawals by var ious  categor ies o f  water use w i t h  
re1 i a b l e  annual and re1 i a b l e  minimum monthly f low f o r  26 r i v e r  
basin regions (3 ) .  Th is  comparison was based upon 1970 water use 
data, t he  l a t e s t  a v a i l a b l e  a t  t he  t ime (4) .  It showed s i x  r i v e r  
basins i n  which t o t a l  d a i l y  water use exceeds 50% o f  r e l i a b l e  
minimum monthly flow, and thus where water withdrawals might  be 
considered t o  be approaching avai  1  ab le  suppl i e s  (Table 2 ) .  Some 
care must be taken i n  i n t e r p r e t i n g  these data, because n e i t h e r  t h e  
t ime p a t t e r n  of water  use throughout t h e  day and year  nor  t h e  
storage of water by na tu ra l  o r  a r t i f i c i a l  means have been taken i n t o  
account. Also, water withdrawal data a r e  used i n  the  comparison, 
thereby f a i l i n g  t o  r e f l e c t  water a c t u a l l y  consumed (5) .  The important  
p o i n t  emerging from t h e  analys is ,  however, i s  t h a t  i n  some regions, 
water use may be approaching a v a i l a b l e  suppl ies,  and t h a t  Canada's 
t r a d i t i o n a l  image as a  "water - r i ch"  country  may no longer  be accurate. 
Two consequences, which i n  t u r n  have an i m p l i c a t i o n  f o r  
Canadian water demand fo recas t i ng  have r e s u l t e d  f rom t h e  perceived 
abundance of Canadian water suppl ies.  F i r s t l y ,  water has been used 
ex tens i ve l y  r a t h e r  than i n t e n s i v e l y .  For example, r e c i r c u l a t i o n  
r a t e s  f o r  manufacturing and power genera t i  on are  low i n  compari son 
w i t h  s i m i l a r  r a t e s  i n  t h e  U.S. (6), and many p l a n t s  have once-through 
coo l i ng  systems. The absence o f  t he  need t o  p r i c e  water i n  an 
economical ly e f f i c i e n t  manner i s  a  p r i n c i p a l  f a c t o r  causing t h e  
extensive na ture  o f  water  use i n  Canada. Th i s  absence i s  a t t r i b u t a b l e  
i n  l a r g e  p a r t  t o  water abundance, and t h e  consequent percept ion  t h a t  
water i s  a  " f r e e "  good. Secondly, Canadian water management has 
concentrated on measuring and analyz ing water supp l ies  t o  t h e  v i r t u a l  
exc lus ion,  u n t i  1  recen t l y ,  o f  ca ta logu ing  and c o l  1  e c t i n g  data on 
major water  uses. There a re  very few o the r  resource management 
f i e l d s  where the  i m p l i c a t i o n s  o f  demand and use f o r  management have 
been ignored i n  such a  manner. 
The i m p l i c a t i o n  o f  these f a c t o r s  f o r  water demand forecast-  
i n g  has been t h e  r e l a t i v e l y  small amount o f  e f f o r t  devoted t o  t h i s  
a c t i v i t y .  Methods o f  f o recas t i ng  used i n  Canada have been elementary 
f d r  the  most pa r t ,  w i t h  no na t i ona l  models and few unique methodolo- 
g ies  f o r  water use and water  demand f o r e c a s t i n g  being developed ( 7 ) .  
bihi le some attempts have been made t o  develop a  more comprehensive 
approach (8), t he  seemi ng-abundance o f  water i n  Canada has assured 
a  low p r i o r i t y  f o r  demand f o r e c a s t i n g  i n  t h e  con tex t  of t h e  whole 
water management f i e l  d  . 
I n  s p i t e  o f  t h e  smal l  amount o f  e f f o r t  devoted t o  water 
use and demand forecast ing,  the needs f o r  t h i s  a c t i v i t y  i n  Canada 
a r e  c lea r .  The nex t  sec t i on  o f  t h e  paper discusses these i n  d e t a i l .  
Sect ion C then proceeds t o  d iscuss some o f  t h e  general cons idera t ions  
i n  fo recas t ing  water demands, p rov id ing  a  framework aga ins t  which 
t o  measure pas t  Canadian s tud ies  i n  t h i s  f i e l d ,  which are  discussed 
i n  Sect ion D. Sect ion  E examines c u r r e n t  Canadian work i n  water  
use and demand f o r e c a s t i n g  and presents a  framework s u i t a b l e  f o r  
c a r r y i n g  o u t  such s tud ies .  Sec t ion  F summarizes t h e  paper and draws 
conclusions as t o  t h e  usefu lness of denland fo recas t i ng  f o r  Canadian 
water management. 
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The term "water demand" i s  used i n  t h i s  paper i n  i t s  s t r i c t  
economic sense, t o  denote a r e l a t i o n s h i p  between q u a n t i t i e s  purchased 
a t  var ious  p r i c e  l e v e l s .  Forecasts o f  water demand a r e  there fo re  
based upon t h e  p r e v a i l  i o g  p r i c e  o f  water, w i t h  water q u a n t i t i e s  
demanded minimized so as t o  min imize wi thdrawal  cos ts  t o  t h e  user (9 ) .  
As used i n  t h i s  sense, t h e  nurnber o f  water demand fo recas t i ng  
s tud ies  i n  Canada i s  v i r t u a l l y  n i l  ; a1 though, o f  course, t h e r e  have 
been many examinations o f  f u t u r e  water use o r  water requirements i n  
con junc t i on  w i t h  var ious  water management s tud ies .  Thus, t h e  term 
' 'water use" i s  used more f r e q u e n t l y  than "water demand" throughout  
t h i s  paper, denot ing q u a n t i t a t i v e  assessments and fo recas ts  of 
wi thdrawal ,  f low,  o r  o n - s i t e  uses o f  water  conducted w i t h o u t  
necessari  l y  t a k i  ng i n t o  account p r i c i n g  re1  a t i  onshi ps . The term. 
"water use and demand" i s  a l s o  used i n  addressing t h e o r e t i c a l  issues 
o r  f u t u r e  s tud ies  i n  which economic cons.i.derations o f  water use may 
o r  may n o t  be important .  
B. THE NEED TO FORECAST WATER DEMANDS IN CANADA 
The need f o r  water  use and demand f o r e c a s t i n g  s tud ies  i n  
Canada appears t o  be growing as new water management issues a r i s e .  
Al though i n t e r e s t  i n  t h e  sub jec t  i s  s t i l l  o n l y  minimal, t h e r e  a r e  a 
few p lans f o r  f u t u r e  s tud ies  by government agencies, which w i l l  be 
aimed a t  p r o j e c t i n g  water  demands. One such example i s  t h e  proposed 
P r a i r i e  Provinces Water Demand Study (10) .  T h i s  s e c t i o n  of t he  
paper out1 i nes  t h e  f a c t o r s  behind the  growing need t o  f o r e c a s t  water 
demands. It c o n t r i b u t e s  t o  t h e  o v e r a l l  theme o f  t h e  paper by 
examining some o f  t h e  i n s t i t u t i o n a l  and pol  i c y  issues which generate 
a requirement f o r  water  demand fo recas t i ng .  
1. Water Shortages 
The autumn and w i n t e r  pe r i od  1976-77 i n  Canada was t h e  
d r i e s t  on record  i n  Nor thern Ontar io ,  t h e  southern P r a i r i e s  and 
southern B r i t i s h  Columbia (11).  By t h e  s p r i n g  o f  1977, drought  
c z n d i t i o n s  threatened a l l  major  water uses i n  t h i s  area, p a r t i c u l a r l y  
munic ipa l  , i n d u s t r i a l  , a g r i c u l t u r a l  and power generat ion.  Some of 
t h e  e a r l y  s igns  o f  the  onset o f  drought  cond i t i ons  were s o i l  
d r i f t i n g  , dust  storms, 1 ow f l ows  on i n t e r p r o v i  n c i a l  and i n t e r n a t i o n a l  
streams (12), low l a k e  and r e s e r v o i r  l e v e l s ,  water  shortages fo r  
i r r i g a t i o n ,  and many o thers  (13, 14) .  
I n  much o f  t h e  drought- threatened area, l a t e  s p r i n g  r a i n s  
a l l e v i a t e d  many o f  t he  p o t e n t i a l  water  shortages, a l though some 
areas a r e  s t i l l  s e r i o u s l y  d e f i c i e n t  w i t h  respec t  t o  water.  Desp i te  
t h e  abatement o f  t h e  d rough t  cond i t i ons ,  two observat ions r e s u l t e d  
from the  drought s i t u a t i o n  which threatened and which may y e t  occur;  
bo th  o f  these have s i g n i f i c a n c e  f o r  water  demand fo recas t i ng .  
F i r s t l y ,  droughts i n  t h e  f u t u r e  w i l l  be f e l t  l e s s  i n  the  a g r i c u l t u r a l  
sec to r  than i n  o the r  sectors,  i n  c o n t r a s t  t o  t he  droughts of t he  1930's 
which devastated much o f  Canada's a g r f c u l t u r e .  Government ac t i ons  
t o  improve a g r i c u l t u r a l  water  supp l ies  have a f f o r d e d  increased daought 
p r o t e c t i o n  t o  t h i s  sec to r .  I n  con t ras t ,  h y d r o - e l e c t r i c  power 
generat ion, upon which the  Canadian economy i s  very dependent, r e l i e s  
s t rong ly  on adequate water suppl ies, and flows i n  some areas s t i l l  
remain low f o r  power product ion (15).  Thus, f u tu re  water shortages 
may have very ser ious ef fects on a l l  p a r t s  o f  the  economy through 
t h e i r  impacts on power generat ion. Other important  water - re la ted  
e f f e c t s  o f  drought a re  degraded water q u a l i t y ,  t h rea ts  t o  domestic 
and i n d u s t r i a l  water supp l ies  and i n t e r p r o v i n c i a l  and i n t e r n a t i o n a l  
water apportionment. Secondly, i n  Canada's most drought-prone 
region, t he  southern P r a i r i e s ,  there  have been p re l im ina ry  i n v e s t i -  
ga t ions  o f  methods f o r  inc reas ing  water supp l ies  v i a  d i ve rs ions  
f rom the  water-abundant nor thern P r a i r i e  reg ion  (16) .  These d i v e r s i o n  
p o s s i b i l i t i e s ,  together  w i t h  the  storage requi red,  w i l l  be very 
expensive, g i v i n g  r i s e  t o  the  need fo r  examining fu tu re  water demands 
t o  determine whether they warrant  such l a r g e  p u b l i c  c a p i t a l  expendi- 
tu res .  
2. Water and Energy 
The importance o f  water i n  energy product ion i s  a second 
f a c t o r  i n  t he  growing need f o r  water demand forecast ing.  Energy- 
r e l a t e d  issues have dominated resource management throughout t h e  
19701s, and w i l l  l i k e l y  cont inue t o  do so i n t o  the fu tu re .  As 
previous1 y mentioned, the  1 i n k  between water suppl i e s  and hydro 
power generat ion i s  d i r e c t  and obvious. Water i n t a k e  f o r  coo l i ng  
and steam generat ion i n  thermal power p lan ts  i s  Canada's l a r g e s t  
withdrawal use of water, account ing f o r  almost 40% o f  documented 
water in takes  (1  7 ) .  Water i s  used ex tens ive ly  f o r  i n j e c t i o n  i n t o  
o i l  and gas w e l l s  t o  main ta in  pumping pressures (18). I n  t ranspor-  
t i n g  crude o i l  v i a  pipe1 ine, water i s  mixed w i t h  crude o i l  t o  permi t  
f low.  Other areas where water i s  important  f o r  energy product ion 
i s  i n  the recovery o f  crude o i  1 from t a r  sands, coal gas i f i ca t i on ,  
petroleum r e f i n i n g ,  proposed s l u r r y  t ranspora t ion  o f  coal and mine 
s i  t e  reclamation. 
With r e l a t i v e l y  abundant water resources, Canada has many 
excel 1 en t  hydro power generat i  on s i t e s .  I n  1973, about 75% of  t o t a l  
e l e c t r i c a l  energy generated i n  Canada was by hyd roe lec t r i c  means 
(19). However, most of the  p o t e n t i a l l y  good hydro s i t e s  a v a i l a b l e  
have a l ready been developed, and ~ i ios t  o f  the pro jec ted  growth i n  
capac i ty  w i l l  be taken up by convent ional and nuc lear  steam 
generat ing p lan ts  (20) .  By 2000, i t  has been est imated t h a t  some 
65% o f  e l e c t r i c a l  energy generated i n  Canada w i l l  be by thermal 
methods, both convent ional and nuclear  (21 ) . The imp1 i c a t i o n s  o f  
t h i s  trend, assuming cu r ren t  pa t te rns  o f  water use, are l a r g e  
increases i n  water withdrawals t o  meet the  coo l i ng  and steam 
generat ing requirements of thermal power p lan ts ,  corresponding 
increases i n  water consumption, aggravated water q u a l i t y  problems 
because of heat  discharges and increased pressures on a v a i l a b l e  
water suppl ies,  e s p e c i a l l y  i n  urban areas and the  P r a i r i e  region.  
I n  view of the importance of water i n  energy product ion, and the  
p o t e n t i a l  c o n f l i c t  of t h i s  a c t i v i t y  w i t h  the water uses, t h e  need 
t o  c a r r y  ou t  water demand forecasts f o r  t h i s  use i n  r e l a t i o n  t o  
others must be c a r r i e d  out .  These forecasts should examine where 
water demands w i l l  a r i s e  f o r  energy product ion, what types o f  
technology (e.g. r e c i r c u l a t i o n )  a re  p r a c t i c a b l e  f o r  min imiz ing the  
q u a n t i t y  and impact of these demands, and what w i  11 be t h e i r  e f f ec t s  
on competing water uses. 
Water Use C o n f l i c t s  
A  t h i r d  fac to r  c r e a t i n g  the  need f o r  water demand s tud ies  
r e l a t e s  t o  the  growing number and complexi ty  o f  c o n f l i c t s  between 
water uses. I n  the  past,  i n  Canada, t he re  was ample water f o r  a l l  
users, and the  goal of water management was t o  minimize c o n f l i c t s  
by assur ing adequate supp l ies  f o r  a l l  users. Because of the  small 
s i z e  o f  t he  Canadian popu la t ion  and economy, r e l a t i v e  t o  the  s i z e  
of the  water resource, t h i s  management s t ra tegy  was l a r g e l y  successful . 
With t rends such as popu la t ion  and economic growth, increases i n  
i n d i v i d u a l  income and wel l -being,  and more l e i s u r e  t ime (22),  a l l  
water uses have increased i n  magnitude t o  the  p o i n t  t h a t  compet i t ion  
between water uses i s  growing. Examples o f  such c o n f l i c t s  a re  the  
use o f  the  same water body f o r  both municipal water suppl ies and 
waste d isposal ,  and i n d u s t r i a l  p o l l u t i o n  o f  waters used f o r  recreat ion .  
I n  Canada, comprehensive r i v e r  bas in  planning, done e i t h e r  
j o i n t l y  by the  federa l  and p r o v i n c i a l  governments under the  Canada 
Water Ac t  o r  by prov inces alone, has been adopted as a  pr imary 
method of hand l ing  water use c o n f l i c t s .  Through the  use o f  r i v e r  
bas in  planning, f u t u r e  development opt ions i n  a  bas in  a re  examined 
i n  the  contex t  o f  t h e i r  i r r~pacts on water use, w i t h  the  aim of 
se lec t i ng  the  most d e s i r a b l e  uses f o r  development and min imiz ing  
water use c o n f l  i c t s  (23) .  Water demand fo recas t i ng  p lays a  major 
r o l e  i n  r i v e r  bas in  planning, as i t  i s  the  key t o  t r a n s l a t i n g  
economic and s o c i a l  p r o j e c t i o n s  i n t o  impacts on the  water resource. 
R iver  bas in  p lanning done t o  da te  i n  Canada has used on l y  t h e  
s imp les t  water demand fo recas t ing  approaches, except poss ib l y  i n  
t he  case o f  t he  Okanagan study (24).  Water demand s tud ies  undertaken 
i n  the  contex t  of bas in  p lanning i n  t he  f u t u r e  should become b e t t e r  
as more experience i s  gained w i t h  the  var ious methodologies now being 
formulated. 
4. Water Use and Water Q u a l i t y  Management 
The r o l e  o f  water demand fo recas t i ng  i n  water q u a l i t y  
management i s  a  fou r th  f a c t o r  i n  t he  growing need f o r  water use and 
demand analyses. Regulat ion o f  p o l l u t a n t s  i s  t he  major  water 
q u a l i t y  management t o o l  i n  Canada today (25) .  However t h e  u l t i m a t e  
form o f  water q u a l i t y  p r o t e c t i o n  and enhancement should be based 
upon use- re la ted  water q u a l i t y  ob jec t i ves .  I n  e s t a b l i s h i n g  these 
ob jec t i ves ,  both c u r r e n t  and f u t u r e  water uses a re  of considerable 
importance f o r  they  w i l l  determine the  l e v e l  a t  which the  ob jec t i ves  
must be se t .  
5. I n t e r n a t i o n a l  Water Management 
A  f i f t h  f a c t o r  i n  generat ing a  need f o r  water demand 
f o r e c a s t i n g  i s  found i n  some o f  t he  i n t e r n a t i o n a l  problems which 
a r i s e  along the  border  between Canada and t h e  U.S. Ac t ions  taken 
on one s i d e  o f  t h e  border  t o  develop the  water  resources f r e q u e n t l y  
a f f e c t  users  o f  t h e  o t h e r  s ide ,  and s i nce  t h e  Boundary Waters T rea t y  
o f  1909, d i spu tes  have been d e a l t  w i t h  by the  I n t e r n a t i o n a l  J o i n t  
Gommission (26) .  The c o n t i n u i n g  pace o f  developments, p a r t i c u l a r l y  
i n  the  U.S., i s  p l a c i n g  heav ie r  and heav ie r  demands on t he  water  
resources on bo th  s ides  o f  t he  border ,  w i t h  Canada, as t h e  l a t e r -  
develop ing and less-developed na t i on ,  f r e q u e n t l y  be ing  p laced i n  t h e  
p o s i t i o n  o f  r e a c t i n g  t o  U.S.  i n i t i a t i v e s  (27) .  Such emerging i ssues  
as t h e  ever  i nc reas ing  consumptive use i n  t he  Great  Lakes bas in ;  
i nc reas ing  water  demands f o r  energy p roduc t ion  (28)  ; i n c r e a s i n g  
water  demands f o r  i r r i g a t i o n ,  and impending water  shortages i n  t h e  
P r a i r i e  r eg ion  w i l l  a1 1 c l e a r l y  r e q u i r e  s u b s t a n t i a l  e f f o r t s  t o  
f o r e c a s t  Canadian wate r  demands t o  ensure adequate p r o t e c t i o n  o f  
Canadian i n t e r e s t s .  
The preceding c o n d i t i o n s  a l l  p o i n t  t o  t h e  necess i t y  f o r  
p repar ing  wate r  demand forecasts .  These cond i t i ons ,  combined w i t h  
t h e  f a c t  t h a t  bas i c  water  use data a r e  more r e a d i l y  a v a i l a b l e  than  
here to fo re ,  have made demand f o r e c a s t i n g  more f e a s i b l e  than i t  once 
was. Beginning i n  1972, a  survey o f  water  use i n  i n d u s t r y  was 
i n i t i a t e d  by t h e  federa l  government (29) .  The sec to r s  of  i n d u s t r y  
covered were manufactur ing, mining, o i  1  and gas e x t r a c t i o n ,  and 
power generat ion,  bo th  hydro and thermal.  The survey i s  be ing  
repeated f o r  1976 i n  t he  manufactur ing, m in ing  and thern-tal power 
genera t ion  sec to rs .  These surveys do n o t  a t tempt  t o  o b t a i n  i n f o r m a t i o n  
on water  cos t s  t o  i n d u s t r y ,  a l though t h i s  may be at tempted once t h e  
surveys become we1 1 es tab l  i shed. Water use i n f o r m a t i o n  has been 
c o l l e c t e d  beginn ing i n  1975 f o r  m u n i c i p a l i t i e s  (30)  and t h i s  survey 
w i l l  con t i nue  i n  f u t u r e  years,  thus e s t a b l i s h i n g  a t ime t r e n d  on 
t h i s  t ype  o f  water  use. Fu tu re  data c o l l e c t i o n  e f f o r t s  w i l l  i n c l u d e  
an a t tempt  t o  survey a g r i c u l t u r a l  water  use. Thus, water  use da ta  
f o r  Canada i s  s l ow l y  becoming more a v a i l a b l e ,  p u t t i n g  water  demand 
f o r e c a s t i n g  on a f i r m e r  foundat ion.  
C.  SOME GENERAL CONSIDERATIONS I N  FORECASTING 
WATER USE AND DEMAND 
Before d i scuss ing  Canadian exper iences w i t h  water  demand 
fo recas t i ng ,  i t  w i l l  be usefu l  t o  cons ider  some general  p o i n t s  
concerning procedures and methods. These p o i n t s  i nc l ude  t h e  
a1 t e r n a t i v e  f u t u r e s  framework f o r  demand f o r e c a s t i n g  , t he  s p a t i a l  
framework f o r  t h i s  t ask ,  t h e  usefu lness o f  a  systems approach, t h e  
i ssue  o f  p r a c t i c a l i t y ,  t h e  r o l e  of  p r i c e  i n  water  demand, t h e  need 
t o  cons ider  economic i n t e r r e l a t i o n s h i p s ,  and the  r o l e  of t echno log i -  
c a l  change. Th is  d i scuss ion  w i l l  form the  background a g a i n s t  which 
t o  assess p a s t  Canadian s tud ies  o f  water  use and demand, and w i l l  
p rov ide  an o u t l i n e  o f  the  concepts which should be b u i l t  i n t o  f u t u r e  
work. 
1. The Use o f  an A l t e r n a t i v e  Futures Framework 
The problem o f  f o r e c a s t i n g  wate r  demands i s  a  problem o f  
i n d u c t i v e  in fe rence  and i s  s u b j e c t  t o  t h e  same s e t  o f  p r i n c i p l e s  
which app l y  when a t t emp t i ng  t o  i n f e r  one s e t  o f  c o n d i t i o n s  from 
another .  A  f o recas t  i s  a  statement o f  a  s e t  o f  outcomes which ( i n  
t h i s  case t h e  amounts o f  water  used) which w i l l  develop from a  s e t  
of events.  To make t h i s  process v a l i d ,  t e s t e d  t heo r i es ,  as denoted 
by " l aw l  i ke" genera l  i z a t i o n s ,  a re  requ i red .  Such " l aw l  i ke" general  - 
i z a t i o n s  have n o t  been developed i n  wate r  use and demand fo recas t ing ,  
as they  have f o r  example i n  t h e  phys ica l  sc iences p l a c i n g  some doubt 
upon t h e  v a l i d i t y  of t h e  f o recas t i ng  process (31 ) .  
Thus, much o f  t h e  general  t h e o r y  o f  wa te r  demand f o r e c a s t i n g  
remains t o  be developed. I t  i s  a  moot p o i n t  whether t h e  r e q u i r e d  
" l a w l i k e "  g e n e r a l i z a t i o n s  w i l l  ever  be developed t o  t h e  same degree 
t h a t  they  e x i s t  i n  t h e  more t r a d i t i o n a l  sciences, such as phys ics  
and chemis t ry  ( 32 ) .  For  t h i s  reason, wa te r  demand f o r e c a s t e r s  must 
develop methodologies which, a l though based upon proven t h e o r e t i c a l  
p r i n c i p l e s  t o  t h e  g r e a t e s t  e x t e n t  poss ib le ,  taken i n t o  account t h e  
u n c e r t a i n t i e s  i n v o l v e d  i n  p r e d i c t i o n  over  a  10- t o  50-year t i m e  
hor izon .  
I n  t h e  absence o f  accura te  t h e o r i e s  and laws, i t  i s  s t i l l  
necessary t o  c a r r y  o u t  wa te r  use and demand f o r e c a s t i n g  s tud ies .  
Whi le as h i g h  a  degree o f  accuracy as p o s s i b l e  i s  t o  be s t r i v e d  for ,  
abso lu te  accuracy i s  n o t  a  p r e r e q u i s i t e  f o r  such s tud ies  t o  be usefu l .  
It i s  suggested here t h a t  t h e  r e a l  b e n e f i t s  o f  f o r e c a s t i n g  wate r  
demand l i e  i n  de te rm in ing  how wate r  demand w i l l  va r y  under a  v a r i e t y  
of f u t u r e  p o s s i b l e  socio-economic developments, as opposed t o  
p r e d i c t i n g  t h e  p u r e l y  q u a n t i t a t i v e  wi thdrawal  o r  consumptive use a t  
some p o i n t  i n  t h e  f u t u r e  w i t h  100% accuracy. 
If t h e  b a s i c  p r i n c i p l e  i s  sound, t hen  water  demand fo recas t -  
i n g  should be a  t o o l  f o r  t r a n s l a t i n g  f u t u r e  t r ends  (e.g. p o p u l a t i o n  
o r  i n d u s t r i a l  growth)  i n t o  impacts on water .  It i s  b a s i c a l l y  a  
p o l i c y  ins t rument  used by t h e  water  manager t o  examine t h e  i m p l i c a t i o n s  
of  a l t e r n a t i v e  p o s s i b l e  developments. The U.S. Na t i ona l  Water 
Commission (33) based i t s  work on t h e  "a1 t e r n a t i v e  f u t u r e s "  approach 
t o  examining f u t u r e  wa te r  management op t ions ,  and because t h i s  concept 
i s .  cons idered fundamental t o  wate r  demand fo recas t i ng ,  i t  i s  d e a l t  
w i t h  i n  more d e t a i  1  below. 
The " a l t e r n a t i v e  f u t u r e s "  approach t o  f o r e c a s t i n g  i s  b u i l t  
upon t h e  hypo thes is  t h a t  t h e  f u t u r e  i s  a  complex f u n c t i o n  of soc io -  
economic cond i t i ons ,  t e c h n o l o g i c a l  developments, l i f e  s t y l e s  and 
pub1 i c  p o l  i c y .  Assumptions about  these  f a c t o r s  under1 i e  any f o recas t  
o f  f u t u r e  wate r  demands, and should be made e x p l i c i t  bo th  i n  t h e  
f o r e c a s t i n g  mode1 and i n  t h e  f i n a l  o u t p u t  o f  t h e  exerc ise .  Because 
each s e t  o f  f a c t o r s  can take  var ious  development paths, none o f  which 
can be foreseen w i t h  complete accuracy, f o r e c a s t i n g  should examine 
a1 t e r n a t i v e  combinat ions o f  t h e  u n d e r l y i n g  f ac to r s .  These combinat ions 
a r e  termed " a l t e r n a t i v e  f u t u r e s " ,  and t h e  t ask  o f  wa te r  demand 
f o r e c a s t i n g  i s  t o  t r a n s l a t e  these  i n t o  impacts on wate r  use (34) .  I n  
ternis o f  water demand forecast ing,  a l t e r n a t i v e  fu tu res  might  consider 
the  fo l l ow ing :  
1. a  number o f  assumptions about fu tu re  popu la t ion  l e v e l s  
2. a number of economic growth assumptions i n  var ious 
i n d u s t r i e s  
3. a  number o f  assurr~ptions on techno1 og i ca l  developments 
as r e l a t e d  t o  water use 
4. the  e f f e c t s  of a l t e r n a t i v e  macro-economic p o l i c y  
a1 te rna t i ves  , such as promoting reg iona l  as opposed 
t o  na t i ona l  economic growth 
5. the e f f e c t s  of var ious types o f  p r i c i n g  p o l i c y  f o r  
water and o ther  elements o f  o v e r a l l  water management 
s t ra tegy  
6. the  e f f e c t s  of a  p o l i c y  t o  promote environmental q u a l i t y  
and so on (35).  
Water demand forecast ing methodology development i n  Canada 
recognizes the  a l t e r n a t i v e  fu tu res  approach. For example, t he  
comprehensive study o f  water resources i n  the  Okanagan R iver  Basin o f  
B r i t i s h  Columbia examined th ree  a l t e r n a t i v e  paths f o r  f u tu re  development 
i n  the  basin: a  maximum economic growth fu tu re ,  an environmental 
q u a l i t y  future, and a  s ta tus  quo f u t u r e  (36). I n  t h i s  p a r t i c u l a r  case, 
i t  was demonstrated tha t ,  al though the  basin was loca ted i n  a  semi- 
a r i d  area, there  was ample water f o r  a l l  foreseeable needs, e l i m i n a t i n g  
the  need f o r  a  c o s t l y  water t r a n s f e r  scheme which had been p rev ious l y  
proposed. This i s  one example which shows t h a t  Canadian fo recas t i ng  
e f f o r t s  i n  the  water management f i e l d  w i l l  aim towards developing 
models i n  which a t  l e a s t  under ly ing var iab les  and r e l a t i o n s h i p s  
between var iab les  a re  co r rec t .  Over time, t he  demand es t imat ing  
models w i l l  be improved by making these r e l a t i o n s h i p s  more prec ise.  
The fo7lowing ma te r ia l  expands upon some o f  the more important  
dimensions t o  be considered w i t h i n  the  a1 t e r n a t i v e  fu tu res  framework. 
2,. Spat ia l  Framework f o r  Demand Forecast ing 
I n  Canada, water demand fo recas ts  a re  prepared us ing the  
r i v e r  basin as the  p r i n c i p a l  s p a t i a l  u n i t .  R iver  basins are  
considered most usefu l  because a l l  o f  the data on water suppl ies, 
against  which demands must be measured, a re  compiled on t h i s  basis .  
The hydrologic  u n i t y  o f  a  r i v e r  basin provides a  usefu l  framework 
f o r  management o f  water resources and i s  the  type o f  reg ion  used 
i n  p lanning under the  Canada Water Act.  A 1 i s t i n g  of the  p r i n c i p a l  
Canadian r i v e r  basins appears i n  Table 2 o f  the  i n t r o d u c t i o n  t o  t h i s  
paper. 
The use of r i v e r  basins as p r i n c i p a l  s p a t i a l  u n i t s  f o r  
f o recas t i ng  poses some r e a l  d i f f i c u l t i e s  f o r  data c o l l e c t i o n ,  
because the  socio-economic data, upon which the  fo recas ts  are based, 
are  co l  l e c t e d  and compiled by p o l i t i c a l  and census-col l e c t i o n  region, 
no t  by r i v e r  basin. I n  a d d i t i o n  wh i le  a l l  requ i red  data are  ava i l ab le  
i n  useable forin a t  the  na t iona l  l e v e l ,  as area l  u n i t s  become smaller,  
data a v a i l a b i l i t y  becomes progress ive ly  more l i m i t e d  due t o  confiden- 
t i a l i t y  r e s t r i c t i o n s .  The o u t l i n e  f o r  t he  P r a i r i e  Provinces Water 
Demand Study (37) describes these problems i n  d e t a i l ,  concluding 
t h a t  they can be resolved by usif ig computerized data storage and 
r e t r i e v a l  systems. 
Water demand fo recas t ing  i n  Canada, i s  seen as being usefu l  
ma in ly  a t  the  l o c a l  and reg iona l  l e v e l .  A t  t h i s  l e v e l ,  emerging 
shortages, f o r  example, can be q u a n t i f i e d  f o r  s p e c i f i c  l oca t i ons  
and remedial measures planned and undertaken. The na t i ona l  p i c tu re ,  
there fore ,  cons i s t s  o f  a  se r ies  o f  reg iona l  water demand p r o f i l e s .  
However, r e l i a b l e  water demand fo recas ts  cannot be c a r r i e d  ou t  a t  
t he  s t r i c t l y  l o c a l  l e v e l  because o f  several problems which cou ld  
b ias  the  r e s u l t s  (38) .  These problems inc lude  l o c a l  optimism i n  
regard t o  new developments, a  tendency t o  assume t h a t  new supply 
systems w i l l  be " requ i red"  be fore  they a c t u a l l y  are, a  tendency t o  
b u i l d  i n  excess capac i t y  i n  o rder  t o  a t t r a c t  new indus t ry ,  and 
methodological incons is tenc ies  from one l o c a l e  t o  another. Therefore, 
any water demand fo recas t i ng  exerc ise  must be approached from the  
' ' top down", o r  from t h e  macro t o  the  mic ro  l e v e l .  I n  o the r  words, 
aggregate data used i n  t h e  reg iona l  water demand fo recas ts  be 
co-ord inated w i t h  a v a i l a b l e  na t i ona l  p red i c t i ons .  To ensure t h i s  
co-ord inat ion,  requ i red  data which a r e  compiled on a  na t i ona l  bas is  
(e.g. popu la t ion  and bas ic  popu la t ion  p r o j e c t i o n s )  should be 
disaggregated i n t o  the  requ i red  reg iona l  o r  r i v e r  basin system a t  
t h e  ou tse t  o f  the  demand fo recas t i ng  exerc ise.  The ac tua l  p r e d i c t i o n  
of water demands i s  then c a r r i e d  o u t  a t  t he  reg iona l  and l o c a l  l e v e l ,  
and the  r e s u l t s  may then be aggregated t o  g i v e  the  na t i ona l  p i c t u r e .  
3. The Usefulness of a  Systems Approach 
An approach t o  water demand fo recas t i ng  us ing a1 t e r n a t i v e  
fu tu res ,  and the  pr imary use o f  r i v e r  basin regions, g i ve  r i s e  t o  the  
need t o  c o l l e c t ,  c o l l a t e  and manipulate a  l a r g e  amount of data. As 
shown i n  the  preceding sub-section, some o f  t h e  requ i red  data f o r  
fo recas t ing  e x i s t  p r i n c i p a l l y  a t  t he  na t i ona l  , o r  macro-economic 
l e v e l ,  wh i l e  the  d e t a i l e d  ana lys is  o f  f u t u r e  demands must be c a r r i e d  
o u t  a t  t he  r i v e r  bas in  and l o c a l  l e v e l  t o  permi t  i n t e g r a t i o n  w i t h  
analyses o f  water supply. A t  both the  macro and the  mic ro  l e v e l ,  
a l t e r n a t i v e  p o s s i b i l i t i e s  f o r  f u t u r e  development should be inves t iga ted .  
A t  the macro l e v e l ,  f o r  example, popu la t ion  p r o j e c t i o n s  should 
incorpora te  several se ts  o f  demographic assumptions. A t  t he  micro 
l e v e l ,  several d i f f e r e n t  techno log ica l  assumptions about water use 
i n  an i n d u s t r y  may be des i rab le .  C lea r l y ,  the  number o f  permutat ions 
and combinations o f  va r i ab les  w i l l  increase r a p i d l y  g iven a  number 
o f  poss ib le  a1 te rna t i ves .  
Systems ana lys i s  techniques have been app l ied  t o  water 
resource s tud ies  t o  f u l f i l l  the  need o f  handl ing l a r g e  amounts of 
data, d isaggragat ing t o  the  r i v e r  basin o r  l o c a l  l e v e l ,  and consid- 
e r i n g  a l t e r n a t i v e s  (39) .  The capac i ty  f o r  us ing  the  systems approach 
has improved g r e a t l y  over t h e  past  f i f t e e n  years. With high-speed 
computers and o the r  e l e c t r o n i c  equipment, t he  ana lys t  can now handle 
a  v i r t u a l l y  u n l i m i t e d  amount o f  data and much more soph is t i ca ted  
demand fo recas t i ng  models than were once possib le.  Reasonable care  
must be taken t o  assure t h a t  techno log ica l  s o p h i s t i c a t i o n  i s  no t  
i n t e r p r e t e d  f o r  "accuracy" (40) .  However, assuming t h a t  r e s u l t s  are 
c a r e f u l l y  q u a l i f i e d ,  a  very wide range o f  poss ib le  developments 
a f fec t ing  water use i n  t he  f u t u r e  can be examined meaningfu l ly .  
The use of a  systems approach may even help t o  compensate 
f o r  the absence of p rec ise  laws l i n k i n g  the  va r iab les  o f  water demand 
forecast ing.  For exampl e, i n  regard t o  r e s i d e n t i a l  water use, several 
s t ~ ~ d i e s  (41, 42, 43, 44, 45) have def ined the  important  va r i ab les  i n  
t h e  demand-estimating r e l a t i o n s h i p .  The problem i s  t h a t  these have 
not  been general ized from one area t o  another. Thus, each t ime a  new 
area i s  studied, data c o l l e c t i o n  must be c a r r i e d  ou t  t o  c a l i b r a t e  
the  demand es t imat ing  equat ion. A  poss ib le  s u b s t i t u t e  f o r  t h i s  
usual ly-expensive e f f o r t  would be t o  adapt models, developed on t h e  
bas is  o f  pas t  work, t o  examine t h e  e f f e c t s  o f  va r i ab les  which might  
otherwise remain unanalyzed. To f o l l o w  the  example o f  r e s i d e n t i a l  
water demand, a  number o f  types o f  p r i c i n g  re la t i onsh ips ,  de f ined 
by previous s tud ies  i n  o the r  areas, could be incorporated i n t o  a  
computerized systems framework. The r e s u l t i n g  sub-model would a1 low 
t e s t i n g  o f  a  nurr~ber o f  demand-estimating equat ions i n  an area under 
study where no pas t  s tud ies  a re  ava i lab le . "  The u l  t imate  goal o f  
course must be t o  make demand es t imat ing  r e l a t i o n s h i p s  as p rec i se  
as possib le,  b u t  i n  t he  i n t e r i m  w h i l e  t he  requ i red  research i s  being 
c a r r i e d  out,  the  use o f  models which incorpora te  and attempt t o  
quant i fy  the  c o r r e c t  under ly ing  r e l a t i o n s h i p s  between va r iab les  would 
be b e t t e r  than some o f  t he  methods which have been used i n  t h e  past .  
An a p p l i c a t i o n  o f  systems ana lys i s  t o  water demand s tud ies  i s  
o u t l i n e d  i n  t he  sec t ion  E below. 
4. The Issue o f  P r a c t i c a l i t y  
A t  t he  o u t s e t  o f  designing a  methodology f o r  f o recas t i ng  
da te r  demands, the fo recas te r  must consider  t he  type o f  user r e q u i r i n g  
the  f i n a l  product.  Water demand fo recas ts  a re  n o t  ends i n  themselves, 
b u t  r a t h e r  a re  requ i red  by planners and water managers as i npu ts  t o  
o the r  s tud ies  o r  decision-making. Thus, t he  methodology designed 
must be s u i t a b l e  f o r  a p p l i c a t i o n  i n  s tud ies  where budgets, t ime and 
manpower are  probably r e s t r i c t e d .  H igh l y  soph is t i ca ted  models may 
thus be o f  l i t t l e  value i f  t h e i r  data o r  v a l i d a t i o n  requirements a r e  
too  severe. This  poses r e a l  chal lenges t o  t h e  fo recas te r  t o  cons t ruc t  
methodo log ica l l y  sound models wh i l e  keeping an eye t o  s i m p l i f y i n g  
h i s  f i n a l  product as much as poss ib le .  It may be t h a t  i n i t i a l  
methodologies should be q u i t e  simple, w i t h  increas ing  soph is t i ca t i on ,  
aimed a t  g rea te r  accuracy and confidence, being incorporated as more 
data become a v a i l a b l e  and as experience i s  gained. 
* 
An approach t o  r e s i d e n t i a l  water demand fo recas t i ng  us ing two d i f f e r e n t  
sets o f  es t imat ing  equat ions i s  d e a l t  w i t h  i n  Sect ion i 2 a  below 
(PP.  29-32) 
5. The Role o f  Water P r i c i n g  
As noted i n  t he  i n t r o d u c t i o n  t o  t h i s  paper, t he  term "water 
demand" denotes a  r e l a t i o n s h i p  between the  p r i c e  a t  which water i s  
suppl ied and the  q u a n t i t y  demanded o r  used. Above a  c e r t a i n  minimum 
l e v e l  o f  bas ic  "need" (e.g. bas ic  requirements f o r  d r i n k i n g  o r  
s a n i t a t i o n ) ,  according t o  theory and as observed i n  p r a c t i c e  i n  a  
number o f  s tudies,  water demand behaves i n  a  manner s i m i l a r  t o  t he  
demand f o r  most o the r  goods and services, e x h i b i t i n g  an inverse  
r e l a t i o n s h i p  between p r i c e  charged and q u a n t i t y  used. The imp1 i c a t i o n  
o f  t h i s  behaviour i s  t ha t ,  by r a i s i n g  the  p r i c e  a t  which water i s  
suppl ied, t he  " va r iab le "  p o r t i o n  o f  water use ( i  .e. t h a t  p o r t i o n  
above basic  need) can be decreased (46).  
Many s tud ies  have i nves t i ga ted  the  r e l a t i o n s h i p  between 
water p r i c e  and t h e  amount o f  water demanded, and have genera l l y  
found tha t ,  above minimum leve l s ,  water i s  indeed an economic 
commodity . L i  naweaver e t  a1 . (47), Howe and L i  naweaver (48), and 
Grima (49), f o r  example, have a1 1  found t h a t  r e s i d e n t i a l  water uses 
a re  responsive t o  p r i c e ,  and the  peaks i n  t he  d a i l y  and seasonal 
p a t t e r n  of munic ipal  water demands can be d imin ished through the  
use o f  meter ing and economical ly-derived p r i c i n g  schedules. 
Granstrom e t  a1 . (30) found t h a t  f i r m s  i n  the  chemical i n d u s t r y  w i l l  
lower t h e i r  use o f  water i n  response t o  even small water p r i c e  changes. 
Lee (51 ) c i t e s  a  study which found t h a t  water withdrawals i n  an 
i n d u s t r i a l  p l a n t  was a  f u n c t i o n  o f  the  p r i c e  a t  which water was 
suppl ied, f o r  t he  p r i c e  l e v e l  in f luenced the  degree of i n - p l a n t  water 
t reatment  and thus t h e  amount o f  water which cou ld  be rec i r cu la ted .  
Lo f t i ng  and Davis (52) c i t e  o the r  instances where p r i c e  has an 
in f luence on water use. 
I n  s p i t e  of t h i s  t h e o r e t i c a l  evidence, t he re  a re  problems 
i n  es tab l i sh ing  c l e a r l y  t he  need f o r  p r i c i n g  considerat ions i n  app l i ed  
water management. The f i r s t  i s  conceptual i n  nature.  Water demand 
fa1 1s i n t o  the  category o f  der ived demand, s ince  f o r  t h c  most pa r t ,  
water i s  an i n p u t  t o  products, which, i n  tu rn ,  s a t i s f y  consumer 
demands. Not on l y  i s  water demand i t s e l f  der ived, b u t  a lso,  i n  many 
cases the  p r i c e  component o f  t he  supply/demand r e l a t i o n s h i p  must be 
der ived.  For example, consider  an i n d u s t r y  which suppl ies i t s  own 
water from sur face water sources, a  s i t u a t i o n  which i s  very common 
i n  Canada (53).  The p r i n c i p a l  component o f  t h e  "p r i ce "  f o r  water 
faced by t h i s  p l a n t  i s  the  cos t  o f  a c q u i s i t i o n ,  such as c a p i t a l  and 
opera t ing  and maintenance cos ts  o f  pumps, pipes, e t c .  Most provinces 
r e q u i r e  i n d u s t r i e s  t o  o b t a i n  a  water withdrawal l i cence,  b u t  r a r e l y  
i s  the l i c e n c e  fee  based upon the  ac tua l  q u a n t i t i e s  o f  water taken 
i n t o  the p l a n t  and the  "value" o f  t h i s  water. I n  o the r  words, users 
i n  t h i s  s i t u a t i o n  do n o t  have an exogeneously-determi ned p r i c e  fo r  
water. Given t h i s  s i t u a t i o n ,  de Rooy (54) suggested t h a t  average 
cos t  o f  water per thousand ga l l ons  be used as a  proxy fo r  p r i ce ,  
and through niul t i p l e  regression ana lys i s  es tab l ished t h a t  t h i s  u n i t  
cos t  i s  a  major determinant i n  es t ima t ing  water q u a n t i t i e s  used. 
However, the c a l c u l a t i o n  o f  the  average u n i t  cos t  o f  water i s  p a r t i a l l y  
dependent upon the  amount o f  water brought i n t o  t h e  p lan t ,  i n  o the r  
words the  dependent v a r i a b l e .  It i s  poss ib le  the re fo re  t h a t  t he  
concluded s i g n i f i c a n t  r e l a t i o n s h i p  between average u n i t  cos t ' and  
quan t i t y  taken i n t o  the  p l a n t  does no t  r e f l e c t  the  responsiveness 
o f  quan t i t y  t o  p r ice ,  b u t  r a t h e r  i s  the r e s u l t  o f  the  h igh  c o r r e l a -  
t i o n  between average water cos t  and quan t i t y  used. A f ede ra l -  
government study (55) attempted t o  formulate a  model o f  i n d u s t r i a l  
water demand, t ak ing  water p r i c e  i n t o  account, based upon a  f i r m ' s  
product ion funct ion.  However, i t  was found t h a t  t o  make water 
demand fo recas ts  us ing  t h i s  model requi red an est imate o f  water 
used, again p r e c i s e l y  the  same type o f  c i r c u l a r i t y  which the  de Rooy 
model encounters. L o f t i n g  and Davis have a r r i v e d  a t  the same 
conclusion t h a t  the  r o l e  o f  water p r i c e  i n  i n d u s t r i a l  water demand 
forecast ing i s  uncer ta in .  They s t a t e  tha t ,  "... there  appears t o  
be no c lea r -cu t  method o f  e m p i r i c a l l y  d e r i v i n g  and p r o j e c t i n g  demand 
func t ions  f o r  i n d u s t r i a l  water use" (56) .  
I n  the  i n d u s t r i a l  water use area, there  i s  evidence t h a t  
some types o f  e f f l u e n t  c o n t r o l  p o l i c i e s ,  p a r t i c u l a r l y  e f f l u e n t  
discharge fees, w i l l  have an impact on water demand. While e f f l u e n t  
discharge fee  systems may n o t  produce economically e f f i c i e n t  pa t te rns  
of water demand, the  evidence i f id ica tes  t h a t  they w i l l  r e s u l t  i n  
s u b s t a n t i a l l y  lower water use. I n  theory, e f f l u e n t  discharge fees 
are  aimed a t  assur ing t h a t  the  waste a s s i m i l a t i v e  capac i ty  o f  a  water 
body i s  a l l oca ted  e f f i c i e n t l y  among users, inasmuch as users who 
value t h i s  capac i ty  h i g h l y  ob ta in  i t s  use, w h i l e  lower valued users 
adopt cheaper forms of p o l l u t i o n  con t ro l  (57) .  The l e v e l  of the  fee 
i s  es tab l ished t o  assure t h a t  the  ambient water qual i t y  does n o t  fa1 1  
below a  predetermined des i rab le  l e v e l .  I t  i s  the  i n t e r n a l  adjustments 
t o  p l a n t  operat ions as a  r e s u l t  o f  the  e f f l u e n t  discharge fee t h a t  
a re  o f  i n t e r e s t  t o  the  demand fo recas ter .  For example, Russell (58) 
developed a  model o f  a  t y p i c a l  petroleum r e f i n e r y  which expressed 
water withdrawal as a  f u n c t i o n  o f  i n take  p r i c e  and e f f l u e n t  charges. 
He suggests on the  basis  o f  the  model t h a t  coo l i ng  water withdrawal 
and heat discharges w i l l  dec l i ne  s u b s t a n t i a l l y  as a  r e s u l t  of 
i nc reas ing l y  s t i f f  environmental qual i t y  pol  i c y  i n  the  U.S. Bower [59) 
suggests t h a t  the  impos i t ion  of e f f l u e n t  discharge fees o r  o the r  
types o f  e f f l u e n t  r e g u l a t i o n  w i l l  genera l l y  lead t o  a  cu r ta i lmen t  
o f  water in take,  poss ib l y  through i n - p l a n t  treatment and r e c i r c u l a t i o n  
o f  water.  A f i n d i n g  by Penman (60),  i n  connection w i t h  the  e f f e c t s  
of e f f l u e n t  discharge fees i n  the  C i t y  o f  Winnipeg, i nd i ca tes  t h a t  
fees o f  t h i s  nature no t  on l y  reduce waste discharge t o  the  sewer 
system, bu t  a lso  reduce i n d u s t r i a l  water i n take  demands. 
The f i r s t  problem, therefore,  i n  assur ing t h a t  p r i c i n g  
becomes a  major cons idera t ion  i n  Canadian water demand fo recas t i ng  
i s  techn ica l  i n  nature, r e l a t e d  t o  showing why p r i c e  i s  important  
and i n  es tab l i sh ing  c o r r e c t  p r i c e  l eve l s .  The s o l u t i o n  t o  t h i s  
problem l i e s  i n  more research t o  2s tab l i sh  the  nature o f  t he  p r i c e :  
q u a n t i t y  r e l a t i o n s h i p ,  what a re  the  best  methods o f  a p p l i c a t i o n  and 
whether t he re  are some e a s i l y  der ived var iab les  which can s u f f i c e  i n  
the  demand r e l a t i o n s h i p .  
A second problem i n  " s e l l i n g "  the p r i c i n g  phi losophy 
r e l a t e s  t o  the  issue of a t t i t u d e s .  Sect ion A touched b r i e f l y  on 
t h i s  issue i n  o u t l i n i n g  the  common percept ion t h a t  Canada i s  a  
wate r - r i ch  country .  I n  many areas, such as around Great Lakes region, 
water suppl ies are  v i r t u a l l y  1  i m i t l e s s .  I t  would be f o l l y  f o r  a  
water manager o r  a  responsib le p o l i t i c i a n  a t  no mat te r  what l e v e l  o f  
government t o  advocate h igher  charges f o r  water i n  the  nanie of 
economic e f f i c i e n c y  and more r a t i o n a l  water use t o  i n d u s t r y  which 
withdraws water d i r e c t l y  from the  lakes.  Th is  i s  e s p e c i a l l y  so a t  
t he  present t ime when l a r g e r  economic problems l i k e  unemployment, 
i n f l a t i o n  and energy c r i s e s  dominate na t i ona l  concerns. The f a c t  
i s  t h a t  i n  many areas cheap water i s  used t o  advert 'ze l o c a t i o n a l  
advantages and d e c l i n i n g  b lock  r a t e  p r i c i n g  s t ruc tu res  dominate the  
water charging methods used. Thus, wh i l e  i t  seems c l e a r  t h a t  
economical l y  r a t i o n a l  water use can on l y  be achieved by imp1 ementi,ng 
t h e o r e t i c a l l y  sound p r i c i n g  p r i n c i p l e s ,  t h i s  approach w i l l  be 
p a r t i c u l a r l y  d i f f i c u l t  t o  e s t a b l i s h  genera l l y  i n  Canada. 
6. Economic I n t e r r e l a t i o n s h i p s  
I n  a  modern economy, a  l a r g e  p ropo r t i on  o f  the  product ive  
e f f o r t  i s  devoted t o  the  manufacture o f  in te rmed ia te  goods. I n t e r -  
mediate goods a re  products o f  one f i r m  o r  i ndus t r y  (e.g. s t e e l )  which 
form the  i npu ts  t o  the  manufacture o f  f i n a l  foods (e.g. ra i lway  cars ) .  
The l e v e l  o f  p roduct ion  o f  in te rmed ia te  goods i s  c l o s e l y  r e l a t e d  t o  
the  ou tput  o f  f i n a l  goods. A change i n  the  ou tput  o f  f i n a l  goods 
creates corresponding change i n  the  product ion  o f  in te rmed ia te  goods 
used i n  the  manufacture o f  the  f i n a l  goods. These i n t e r r e l a t i o n s h i p s  
have important  i m p l i c a t i o n s  f o r  t he  ana lys i s  o f  water use. An 
increase i n  t h e  f i n a l  demand f o r  a  product  w i l l  a f f e c t  t he  water use 
n o t  on l y  i n  t he  i n d u s t r y  exper iencing the  growth bu t  a l s o  i n  a l l  of 
the  i n d u s t r i e s  supply ing the  in te rmed ia te  goods t o  t h a t  i n d u s t r y  . 
Input -ou tpu t  ana lys i s  was developed t o  analyze these 
i n t e r r e l a t i o n s h i p s  (61 ) . This  technique begins w i t h  an input -ou tput  
t a b l e  o r  m a t r i x  i n  which the  outputs and i npu ts  o f  i n d u s t r i e s  form 
t h e  rows and columns o f  t he  ma t r i x .  Th is  basic  t a b l e  i s  then converted 
t o  a  d i r e c t  c o e f f i c i e n t  ma t r i x ,  which records the  same in fo rma t ion  i n  
terms o f  u n i t  i npu ts  and outputs.  For example f o r  t he  i r o n  and s t e e l  
indus t ry ,  t he  d i r e c t  c o e f f i c i e n t  m a t r i x  w i l l  show, f o r  each d o l l a r  
o f  ou tpu t  how many cents worth o f  i n p u t  i s  de r i ved  from t h e  min ing 
i ndus t r y ,  how many cents worth o f  i n p u t  from the  quar ry ing  indus t ry ,  
e t c .  By i n v e r t i n g  the  d i r e c t  c o e f f i c i e n t  mat r ix ,  a  m a t r i x  o f  d i r e c t  
p lus  i n d i r e c t  c o e f f i c i e n t s  i s  developed, which can be used t o  show 
how a  g iven increase i n  f i n a l  demand f o r  the  products o f  any i n d u s t r y  
w i l l  a f f e c t  a l l  o the r  i n d u s t r y  as i t  f i l t e r s  through t h e  economy. 
Th is  m a t r i x  o f  d i r e c t  p l u s  i n d i r e c t  c o e f f i c i e n t s  i s  of 
i n t e r e s t  i n  water demand fo recas t ing .  L o f t i n g  and McGauhey (62) 
pos t -mu l t i p l  i e d  t h e  d i r e c t  p lus  i n d i r e c t  c o e f f i c i e n t s  m a t r i x  by a  
m a t r i x  o f  water use c o e f f i c i e n t s .  I n  the  l a t t e r ,  t he  amount of water 
per  d o l l a r  o f  shipment va lue i n  each i n d u s t r y  formed the  diagonal 
o f  the  water use c o e f f i c i e n t s  ma t r i x  and a l l  o f f -d iagona l  elements 
o f  the  m a t r i x  were zero. Th is  methodology permi t ted  ana lys i s  o f  t he  
e f f e c t s  on water use i n  t he  i n d u s t r i a l  sec to r  o f  a  change i n  any 
i n d u s t r y ' s  f i n a l  demand. For example, an increase o f  one m i l l i o n  
d o l l a r s  worth o f  f i n a l  demand i n  the  chemical i n d u s t r y  would cause 
an increase o f  30 ac re - fee t  i n  f reshwater  i n t a k e  by the  chemical 
indus t ry ,  and very l a r  e  increased water i n t a k e  by a l l  i n d u s t r i e s  
o f  1,681 acre- fee t  (63 3 . Thus, a p ro jec ted  increase i n  p roduc t ion  
i n  one i n d u s t r y  may have much more o f  an impact on the  water resources 
o f  a  reg ion  than the  mere a t - p l a n t  p r e d i c t i o n  increase would imply.  
It i s  impera t ive  t h a t  such " i n d i r e c t "  e f f e c t s  be taken i n t o  account 
when fo recas t i ng  a r e g i o n ' s  water demand. 
7. Technological  Change 
Technological  change has a l a r g e  p o t e n t i a l  impact on water  
demands, b u t  has seldom been taken i n t o  account i n  Canadian fo re -  
cas t ing .  Sewell and Bower (64) deal w i t h  f o u r  types o f  techno log ica l  
change: new products,  new processes, new o r  d i f f e r e n t  raw m a t e r i a l s  
and new methods f o r  handl ing water. New products may rep lace  o r  
s u b s t i t u t e  f o r  an es tab l i shed c o m o d i t y .  New processes may be 
developed which make produc t ion  of a  comnodity cheaper o r  more 
e f f i c i e n t .  New raw m a t e r i a l s  may be in t roduced t o  an es tab l i shed  
product ion process. These th ree  changes can generate e i t h e r  
decreased o r  increased water use. New methods f o r  handl ing water 
r e f e r  t o  i n - p l a n t  changes such as automatic c o n t r o l s  on water 
u t i l i z a t i o n ,  t he  adopt ion of water re -cyc l ing ,  etc., almost always 
lead  t o  decreased water use. Technological  change most o f ten  
pe r ta ins  t o  i ndus t r y ,  a l though o the r  sectors may be affected as 
w e l l .  An example o f  techno log ica l  change which a f f e c t s  i n d u s t r i a l  
water use i n  t h e  c u r r e n t  adopt ion o f  the  basic  oxygen furnace t o  
rep lace  the  open hear th  method o f  crude s tee l  product ion (65) .  I n  
t h i s  case, water demands w i l l  decrease, o the r  t h ings  being equal. 
Recent development of the  CANWEL system, (66) a complete r e - c y c l i n g  
system f o r  domestic water, sewage and s o l i d  waste handl ing w i l l ,  
if adopted, lead  t o  decreases i n  munic ipa l  water demands. Completely 
new i n d u s t r i e s  and technologies (e.g. coal g a s i f i c a t i o n )  may lead 
t o  l a r g e  increases i n  water demand. Bower (67) po in ted  o u t  t h a t  
techno log ica l  change w i t h  respec t  t o  water use i n  i n d u s t r y  a re  
u s u a l l y  generated by causes n o t  d i r e c t l y  r e l a t e d  t o  water (e.g. 
changes i n  r e l a t i v e  p r i ces  o f  raw ma te r i a l  inputs,  dep le t i on  of 
a  raw ma te r i a l  source, r i s i n g  labour  costs,  e t c .  ). 
Forecast ing techno log ica l  change i s  complex and f raught  
w i t h  unce r ta in t y .  One reason f o r  t h i s  i s  t he  absence of models 
o r  any o t h e r  techniques t o  p r e d i c t  accura te ly  over more than f i v e  
t o  t en  years. A second reason r e l a t e s  t o  the  r e l a t i v e  slowness 
of new technology adoption, even i n  a t echno log i ca l l y  advanced and 
o r i en ted  soc ie ty .  A t h i r d  reason i s  t h a t  some technology changes, 
because they improve p r o d u c t i v i t y  and p r o f i t a b i l i t y ,  a re  developed 
and made i n  secret ,  making i t  d i f f i c u l t  t o  o b t a i n  p r e d i c t i v e  
in fo rmat ion .  Despi te  these d i f f i c u l t i e s ,  there  i s  a need t o  
i ncorporate the  ef fects  on water use o f  foreseen techno1 ogi  ca l  
changes. The " a l t e r n a t i v e  fu tu res"  framework appears t o  be an 
e x c e l l e n t  v e h i c l e  f o r  t a k i n g  such changes i n t o  account. 
D. CANADIAN EXPERIENCES WITH WATER USE AND 
WATER DEMAND FORECASTING STUD1 ES 
Many Canadian water resource s tud ies  have employed water 
use and demand fo recas t i ng  as e i t h e r  t he  focus o r  an i n t e g r a l  p a r t  o f  
i n v e s t i g a t i o n s .  Most o f  t h e  examples o u t l i n e d  below a re  drawn from 
government-sponsored water  management p r o j e c t s ,  as these have used 
water use s tud ies  most ex tens i ve l y .  Some a t t e n t i o n  i s  a l s o  pa id  t o  
t h e  l i m i t e d  b u t  impor tan t  work done by Canadian academics. 
Most commonly, a  "water requirements" o r  " c o e f f i c i e n t s "  
approach has been taken i n  c u r r e n t  and f u t u r e  water use s tud ies .  A t  
i t s  most s i m p l i s t i c ,  t h i s  i nvo l ves  (a )  d e r i v i n g  a  c o e f f i c i e n t  o f  
water  use (e.g. i n take ,  consulr~ption o r  gross water  use) per  c a p i t a  
o r  per  u n i t  of economic a c t i v i t y ,  ( b )  p r o j e c t i n g  popu la t ion  o r  t h e  
amount of economic a c t i v i t y  t o  t h e  t a r g e t  f o recas t  year,  and 
( c )  m u l t i p l y i n g  t h e  l a t t e r  amount by t h e  water  use c o e f f i c i e n t  t o  
d e r i v e  the f u t u r e  l e v e l  o f  water  use. Many i n d i c a t o r s  o f  economic 
a c t i v i t y  have been used as the  bas is  of p r o j e c t i o n  i n c l u d i n g  va lue  
added (68),  ou tpu t  (69) ,  and employment (70). I n  t h e  past, c o e f f i - .  
c i e n t s  have g e n e r a l l y  been taken d i r e c t l y  f rom r e s u l t s  obta ined i n  
t h e  U.S. (71), a l though now a  subs tan t i a l  amount o f  Canadian data 
a r e  a v a i l a b l e  f o r  t h e  fo rmu la t i on  o f  c o e f f i c i e n t s .  Forecasts o f  
popu la t i on  and economic a c t i v i t y  have e i t h e r  been made by e x t r a p o l a t i o n  
o f  past  t rends  o r  been der ived  f rom sources ex te rna l  t o  t he  water  
resource f i e l d  i t s e l f  (72) .  Frequent ly,  two o r  more growth r a t e s  
have been assumed (73)  t o  g i v e  a  range o f  p ro jec ted  water  use. 
There a r e  many problems w i t h  t h e  c o e f f i c i e n t s  approach t o  
es t ima t i ng  f u t u r e  water  use. The problems o f  f o r e c a s t i n g  t h e  l e v e l s  
o f  economic a c t i v i t y  by e x t r a p o l a t i n g  pas t  growth t rends  i n t o  t h e  
f u t u r e  a r e  covered we1 1  e l  sewhere (74, 75). Here, t h e  problems of 
us ing  c o e f f i c i e n t s  t o  conver t  economic o r  popu la t i on  fo recas ts  
d i r e c t l y  i n t o  water  use est imates i s  descr ibed i n  more d e t a i l  (76) .  
Water use c o e f f i c i e n t s  a re  complex f u n c t i o n s  o f  a  number o f  impor tan t  
va r i ab les  o f  any water use. For example, c o e f f i c i e n t s  o f  i n d u s t r i a l  
water  use a r e  based upon t h e  s t a t e  o f  r e c i r c u l a t i o n  technology, age 
o f  t h e  p l a n t s  forming t h e  i ndus t r y ,  process-product mixes, t h e  c o s t  
of water  and p o s s i b l y  t h e  s t r i ngency  o f  e f f l u e n t  r e r u l a t i o n s  f a c i n g  
t h e  i n d u s t r y .  A l l  o f  t h e  f a c t o r s  a r e  p o t e n t i a l  sources o f  water  
use v a r i a t i o n ,  and should be taken e x p l i c i t l y  i n t o  account when 
f o r e c a s t i n g  water  use o r  demand (77).  The use o f  average c o e f f i c i e n t s  
i s  probably  more j u s t i f i a b l e  i n  making n a t i o n a l ,  as opposed t o  
reg iona l  r i v e r  bas in  water  use fo recas ts  (78), b u t  even here t h e  
approach w i l l  obscure impor tan t  va r i ab les .  
Canadian water management s tud ies  a r e  r e p l e t e  w i t h  examples 
us ing  t h i s  " c o e f f i c i e n t s "  approach. A study o f  consumptive water  
use i n  t h e  Canadian p o r t i o n  o f  t h e  Great Lakes Basin r e l i e d  
e x c l u s i v e l y  upon t h i s  methodology t o  es t imate  mun ic ipa l  and r u r a l  
water consumption (79).  The purpose o f  t h i s  study was t o  es t imate  
t o t a l  consumptive use as an i n p u t  t o  a  major  s tudy o f  Great Lakes 
water  l e v e l s  and t h e i r  r egu la t i on .  A  major d i f f i c u l t y  w i t h  t h e  
r e s u l  t s  a r i s e s  because t h e  accuracy and probabi 1  i t y  o f  occurrence of 
t h e  p red i c ted  water  use est imates cannot be assessed, making them of 
o n l y  marginal va lue  t o  t h e  o v e r a l l  study. An i n t e r n a l  f ede ra l  s tudy 
(80)  used American-based c o e f f i c i e n t s  t o  es t imate  water  uses i n  major  
water-using sec to rs  o f  t h e  Canadian economy i n  1970. For  example, 
i n d u s t r i a l  water use was est-iniated by d e r i v i  og , froni pub1 i shed U .S. 
data, the  amount o f  water used per  employee by var ious  i n d u s t r i a l  
groups i n  t he  U.S., and then m u l t i p l y i n g  these c o e f f i c i e n t s  by the  
number of employees i n  t h e  corresponding Canadian i n d u s t r i a l  groups. 
Other examples o f  t he  use of t h i s  methodology may be found i n  s tud ies  
done f o r  t he  QulAppel le  (81) ,  Sa in t  John (82) and Red Deer (83)  r i v e r  
basins, and i n  a  major water resources study of t he  four  A t l a n t i c  
provinces o f  Canada c a r r i e d  ou t  by the  A t l a n t i c  Development Board (84) .  
I n  general, most app l i ed  s tud ies  of water use i n  Canada have r e l i e d  
upon t h e  c o e f f i c i e n t s  methodology r a t h e r  heav i l y .  
I n  con t ras t  t o  common p r a c t i c e  i n  app l i ed  water management 
s tudies,  t he re  have been some attempts t o  i n t roduce  a  g rea te r  degree 
o f  s o p h i s t i c a t i o n  i n t o  water use forecast ing,  and t o  impar t  a  
r e c o g n i t i o n  o f  t he  economic r e l a t i o n s h i p s  which should be incorpora ted  
i n t o  t h i s  task.  A federa l ly-sponsored seminar on water demand fo re-  
cas t ing ,  he ld  i n  1968, reviewed method01 ogi  es f o r  p r o j e c t i n g  water  
demands i n  a l l  major water-using sec tors  (85) .  The papers presented 
a t  t h i s  seminar represented the  c u r r e n t  s t a t e  o f  t h e  a r t  i n  water 
demand fo recas t i og  i n  Canada, and s t i l l  form very use fu l  Canadian 
sources on t h i s  sub jec t .  However, t he  f ind ings  and i m p l i c i t  
recommendations made by the p a r t i c i p a n t s  have n o t  y e t  been p u t  i n t o  
p r a c t i c e .  
The Okanagan R ive r  Basin Study, sponsored j o i n t l y  by Canada 
and B r i t i s h  Columbia, i s  an example of a  study which app l i ed  i n p u t -  
ou tpu t  ana l ys i s  t o  the examinat ion o f  water use (86) .  Pr imary da ta  
c o l l e c t i o n  pe rm i t t ed  t h e  cons t ruc t i on  o f  an i npu t -ou tpu t  t a b l e  f o r  
t h e  basin, a  t ask  which proved somewhat d i f f i c u l t  because o f  the  
s c a r c i t y  o f  useable data. Once t h i s  task  was completed, however, i t  
al lowed ana l ys i s  a n t i c i p a t e d  economic growth under d i f f e r e n t  se ts  
o f  bas in  assumptions, o r  a1 t e r n a t i v e  fu tures.  F ina l  demands (e.g. 
personal o r  government expendi tures)  were fo recas ted  t o  t he  t a r g e t  
years o f  the  study, 1985 and 2000. These were then used i n  
con junc t ion  w i t h  t h e  inpu t -ou tpu t  methodology t o  determine t h e  e f f e c t s  
o f  t he  growth i n  f i n a l  demand on a1 1  sec tors  o f  the  b a s i n ' s  economy. 
However, the  study d i d  n o t  go the  f i n a l  s tep t o  analyze the  d i r e c t  
p l u s  i n d i r e c t  econoniic 'impacts upon water  use. Instead, i t  was 
assumed t h a t  water  use would increase i n  d i r e c t  p ropo r t i on  t o  
increases i n  econoniic a c t i v i t y  (87),  i n  e f f e c t  r e s o r t i n g  t o  t he  
c o e f f i c i e n t s  approach. Therefore, t he  Okanagan study was o n l y  more 
advanced than the  t r a d i t i o n a l  c o e f f i c i e n t s  approach i n  i t s  hand1 i ng 
o f  economic i n t e r a c t i o n s ,  n o t  i n  i t s  water use p ro jec t i ons .  
A study by members of the  In land  Waters D i rec to ra te ,  
federa l  Department of F i she r i es  and the  Environment (88)  developed 
a  model f o r  ana lyz ing  i n d u s t r i a l  water use us ing a  s imu la t i on  
approach. Water demand by i n d u s t r y  was broken down i n t o  gross water 
use and r e c i r c u l a t i o n ,  and the  fac to rs  a f f ec t i ng  each of these 
parameters were grouped separate ly .  Factors a f f e c t i n g  gross water 
use inc luded i n  t h e  model were the  l e v e l  of economic a c t i v i t y  (e.g. 
employment) and techno log ica l  change. R e c i r c u l a t i o n  was made a  
f u n c t i o n  o f  t h e  bas ic  type o f  water c i r c u l a t i o n  system i n  t he  p l a n t  
and technology improvements which cou ld  be an t i c i pa ted ,  f o r  example 
through the  t i g h t e n i n g  of e f f l u e n t  q u a l i t y  regu la t i ons  o r  through 
t h e  adopt ion of e f f l uen t  discharge fees. A t h i r d  type of technologi -  
c a l  change b u l l  t i n t o  t h e  water use model r e l a t e s  t o  major changes 
I n  the  water circulation system of t h e  p lan t ,  such as the  adopt ion 
o f  a i r  coo l ing .  The r e s u l t i n g  model i s  shown i n  F igure 1. 
C o e f f i c i e n t s  o f  water use are  i n t e g r a l  pa r t s  o f  t h i s  model. 
For example the  l e v e l  o f  economic a c t i v i t y  i s  t r a n s l a t e d  i n t o  gross 
water use by means o f  a  c o e f f i c i e n t  o f  water use per u n i t  of a c t i v i t y .  
When t h e  model was formulated, the  c o e f f i c i e n t s  used were average 
ones der ived f rom U.S. sources. With the  complet ion of the  1972 
i n d u s t r i a l  water use survey f o r  Canada, however, ac tua l  empi r ica l  
i n fo rma t ion  can be used t o  ca l  i bra te  t h e  gross water use area o f  
t he  model. As f u r t h e r  research i s  c a r r i e d  out, regression models 
could be s u b s t i t u t e d  f o r  t h e  gross use c o e f f i c i e n t .  For example 
Granstrom e t  a l .  (89) developed a  model o f  water use i n  the  chemical 
i ndus t r y .  The bes t  regression model o f  coo l i ng  water gross use 
(GUC) took the  form: 
GUC = f (output ,  weighted average water cost ,  wage 
b i  11 /ou tpu t )  
This  equat ion proved s i g n i f i c a n t  a t  t he  99% l e v e l  of explanat ion, 
each o f  t h e  va r iab les  were s i g n i f i c a n t  a t  l e a s t  a t  t h e  95% l e v e l ,  
and some 74% of t o t a l  var iance was expla ined (90). 
Technological change i s  an impor tan t  p a r t  of the  i n d u s t r i a l  
water use model, appearing i n  the  gross water use and r e c i r c u l a t i o n  
sectors of t he  model and a l so  i n  t h e  sec tor  which takes major changes 
i n  water use i n t o  account. These technological  changes would be 
q u a n t i f i e d  i n  terms of t h e i r  impacts on water use. The p r i n c i p a l  
d i f f i c u l t y  w i t h  c o n s i d e r i ~ g  techno log ica l  change r e l a t e s  t o  the  
problem o f  p r e d i c t i n g  i t ,  as o u t l i n e d  i n  sec t i on  3.7, and the problem 
o f  t r a n s l a t i n g  i t  i n t o  opera t iona l  terms (91 ) .  The advantage o f  
t h e  model i s  t h a t  change i n  technology have been broken down i n t o  
i t s  component p a r t s  and the  model i s  able t o  deal w i t h  each component 
i ndeperiden tl y  . 
The i n d u s t r i a l  water use model o u t l i n e d  above was developed 
t o  p lace  the  impor tan t  va r i ab les  determin ing water use i n t o  a  l o g i c a l  
framework which cou ld  be used i n  water use fo recas t ing  studies.  The 
model was constructed i n  such a  way t h a t  i n d i v i d u a l  components could 
be changed t o  i nco rpo ra te  new advances i n  theory o r  new data and a l so  
t o  a l l o w  the  cons idera t ion  o f  a l t e r n a t i v e  assumptions about t h e  
under ly ing  var iab les .  Although problems s t i l l  e x i s t  i n  t h i s  model 
(e.g. d i f f i c u l t y  w i t h  q u a n t i f y i n g  techno log ica l  change and inadequate 
cons idera t ion  o f  water p r i c i n g ) ,  i t  was used t o  fo recas t  i n d u s t r i a l  
use i n  areas o f  southern Manitoba l i k e l y  t o  be a f fec ted  by the  
proposed Garr ison D ivers ion  being developed i n  adjacent  areas of 
t he  U.S. (92),  and y i e l d e d  r e l i a b l e  r e s u l t s .  
It i s  i n  the  u n i v e r s i t y  research s e t t i n g  t h a t  a  few r e a l  
attempts have been made t o  analyze the  economic nature o f  water 
demands, a l though t h i s  work has stopped s h o r t  o f  fo recas t ing  water 
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demands. Much of  t h i s  work has focussed on r e s i d e n t i a l  wa te r  use, 
r e l a t e d  s t r o n g l y  i n  t h e o r y  t o  t h e  work o f  Linaweaver and h i s  assoc ia tes  
(93) on wate r  use i n  Ba l t imo re .  A lso  most o f  t h i s  research  has been 
funded by t h e  federa l  I n 1  and Waters D i  r e c t o r a t e .  
Grima (94)  i n v e s t i g a t e d  t h e  f a c t o r s  a f f e c t i n g  r e s i d e n t i a l  
water  demand. H i s  a i ~ n  was t o  f i n d  methods by which t h e  l a r g e  and 
growing c a p i t z l  cos t s  o f  wa te r  supp ly  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t i e s  
cou ld  be reduced. I n  p a r t i c u l a r ,  t h e  research  focussed on t h e  
economic n a t u r e  of r e s i d e n t i a l  wa te r  demands and t h e  e f f i c a c y  o f  u s i n g  
p r i c i n g  p r a c t i c e s  based on economic p r i n c i p l e s  t o  decrease these  
demands, t he reby  d i m i n i s h i n g  requi rements  o f  investment  i n  new 
mun i c i pa l  wa te r  supp ly  i n f r a s t r u c t u r e .  
Grima began h i s  s t udy  by examining t h e  p r i c i n g  s t r u c t u r e s  
i n  c u r r e n t  use i n  t h e  s tudy  area, l o c a t e d  i n  and around M e t r o p o l i t a n  
Toronto,  and found t h a t  these s t r u c t u r e s  f i t  i n t o  two types:  a  f l a t  
r a t e  s t r u c t u r e  and a  d e c l i n i n g  b l o c k  r a t e  s t r u c t u r e .  I n  t h e  f l a t  r a t e  
s t r u c t u r e ,  charges a r e  u n r e l a t e d  t o  t h e  amount o f  wa te r  used i n  t h e  
res idence,  and most o f t e n  t h i s  amount i s  unrnetered. I n  t h e  d e c l i n i n g  
b l ock  r a t e  s t r u c t u r e ,  t h e  amount o f  wa te r  used i s  metered, and u n i t  
charges (e.g.  do1 l a r s  pe r  a c r e - f o o t  o r  thousand g a l l o n s )  d e c l i n e  as 
more wate r  i s  used. Grirna p o i n t s  ou t ,  as have many o thers ,  t h a t  
these  types o f  p r i c i n g  s t r u c t u r e s  l e a d  t o  was te fu l  wa te r  use because 
t h e r e  i s  l i t t l e  i n c e n t i v e  f o r  wa te r  conserva t ion .  The end r e s u l t  i s  
an overs ta tement  o f  wa te r  requi rements  and a  subsequent over inves tment  
i n  water  supp ly  f a c i  1  i t i e s .  
Grirna examined t h e  s t r u c t u r a l  r e l a t i o n s h i p s  o f  r e s i d e n t i a l  
water  use by means of m u l t i p l e  r eg ress i on  a n a l y s i s .  I n  t h e  a n a l y s i s  
t h e  independent v a r i a b l e s  were: t h e  assessed va lue  o f  t h e  res idence,  
l o t  s i ze ,  area n o t  covered by b u i l d i n g s ,  t h e  number o f  persons i n  
t h e  res idence,  t h e  v a r i a b l e  p r i c e  o f  water ,  t h e  amount o f  d a i l y  
water  use a l l owed  f o r  i n  t h e  minimum month ly  b i l l  and t h e  aino~lnt  of 
t h e  f i x e d  ( i . e .  niinirriurn) b i l l  f o r  one b i l l i n g  pe r i od .  Equat ions 
were c a l c u l a t e d  f o r  t h r e e  d i f f e r e n t  dependent v a r i a b l e s :  average 
annual wa te r  use p e r  day pe r  dwe l l  i ng ,  average summer wa te r  use p e r  
day p e r  dwe l l  i ng and average w i n t e r  wa te r  use pe r  day p e r  dwe l l  i ng . 
Both l i n e a r  and n o n - l i n e a r  ( l o g a r i t h m i c )  forms o f  t h e  r eg ress i on  
equa t ion  were used i n  t h e  a n a l y s i s  and a  s t r a t i f i e d  sampl ing procedure 
formed t h e  b a s i s  o f  t h e  da ta  c o l l e c t i o n .  Data were c o l l e c t e d  on 
bo th  s i n g l e  and mu1 t i p l e  ( i  .e. town house) f a m i l y  d w e l l i n g s .  
The a n a l y s i s  showed t h a t  t h e  l o g a r i t h m i c  fo rm o f  t h e  
r eg ress i on  exp la i ned  more o f  t h e  t o t a l  va r iance  i n  annual ,  summer 
and w i n t e r  wa te r  demand (49% t o  56% o f  R 2 )  t han  d i d  t h e  normal f o rm  
(46% t o  52%), f o r  metered s i n g l e  f a m i l y  dwe l l  i ngs .  The va lue  of t h e  
res idence,  t h e  number o f  persons i n  t h e  res idence,  t h e  v a r i a b l e  p r i c e  
f o r  wa te r  and t h e  amount o f  t h e  f i x e d  b i l l  p e r  p e r i o d  were a l l  found 
t o  be s i g n i f i c a n t  a t  a t  l e a s t  t h e  95% l e v e l  o f  exp lana t i on ,  and t h e  
v a r i a b l e  p r i c e  i n  a l l  cases ( i  .e. annual, summer and w i n t e r )  were 
found s i g n i f i c a n t  a t  t h e  99% l e v e l .  Tab le  3 shows Grima's equa t ions  
i n  t h e  l o g a r i t h m i c  form p e r t a i n i n g  t o  s i n g l e  f a m i l y  dwe l l  i n g s  and 
u s i n g  o n l y  t h e  v a r i a b l e s  s i g n i f i c a n t  a t  a t  l e a s t  t h e  t h e  95% l e v e l .  
For  unmetered res idences,  t h e  va lue  o f  t h e  res idence  and the.number o f  
persons l i v i n g  i n  t h e  res idence  were found s i g n i f i c a n t  a t  a t  l e a s t  t h e  
95% l e v e l  f o r  t h e  annual and surrlmer models. For  t h e  w i n t e r  model, 
o n l y  res idence  va lue  was s i g n i f i c a n t  a t  t h i s  l e v e l .  The equa t ions  
f o r  t h e  unmetered dwe l l  i n g s  exp la ined  between 23% and 27% o f  t o t a l  
va r iance  (R2 ) ,  s u b s t a n t i a l l y  lower  than  t h e  exp lana t i on  o f f e r e d  by  
t h e  s i n g l e  f a m i l y  d w e l l i n g  models. Again t h e  l o g a r i t h m i c  f o rm  was 
found p r e f e r a b l e .  The equa t ions  f o r  town houses us i ng  o n l y  t h e  
v a r i a b l e s  s i g n i f i c a n t  t o  a t  l e a s t  t h e  95% l e v e l  a r e  shown i n  Table  3. 
Grirna's r e s u l t s  s u b s t a n t i a t e  f i nd i ngs  i n  o t h e r  areas t h a t  
p r i c i n g  i s  s i g n i f i c a n t  i n  e x p l a i n i n g  r e s i d e n t i a l  water  use. On t h i s  
bas is ,  he suggested t h a t  t h e  i n c o r p o r a t i o n  o f  c o r r e c t  p r i c i n g  p r a c t i c e s  
(e.g. i n c r e a s i n g  b l o c k  r a t e s )  beyond t h e  l e v e l  o f  b a s i c  needs would 
l e a d  t o  decreases i n  r e s i d e n t i a l  wa te r  demand, p a r t i c u l a r l y  seasonal 
peak ing which i s  a  pr ime f a c t o r  de te rmin ing  t h e  c a p a c i t y  of a  
mun i c i pa l  wa te r  supp ly  system. Th i s  would g i v e  r i s e  t o  decreased 
requi rements  f o r  expensive c a p i t a l  investment .  The r e s u l t s  of t h i s  
work have had l i t t l e  impact  t o  da te  a t  t h e  a p p l i c a t i o n  l e v e l  (95 ) .  
Kel 1  ow (96)  examined f a c t o r s  which i n f l  uence r e s i d e n t i a l  
wa te r  demand i n  Calgary,  A l be r t a ,  a  c i t y  which i s  un ique i n  g i v i n g  
i t s  water  s e r v i c e  customers a  c h c i c e  between f l a t - r a t e  and meteF- 
based charg ing.  Kel low was p a r t i c u l a r l y  i n t e r e s t e d ,  as was Grima, 
i n  examining some o f  t h e  economic f a c t o r s  de te rmin ing  r e s i d e n t i a l  
water  use, a l though  h i s  work was n o t  a  t r u e  "demand" study, i n  t h a t  
p r i c e  o f  wa te r  was n o t  a  v a r i a b l e .  
I n  a  manner s i m i l a r  t o  Grima, Kel low was i n t e r e s t e d  i n  
t h r e e  types o f  r e s i d e n t i a l  wa te r  use: average annual, average sumner 
and average w i n t e r  use. Ke l low computed h i s  water  use f i g u r e s  on an 
annual o r  seasonal t o t a l  bas is ,  as opposed t o  Grima's d a i l y  bas i s .  
Stepwise m u l t i p l e  r eg ress i on  techniques were used i n  ana l yz i ng  t h e  
e f f ec t s  o f  seventeen independent v a r i a b l e s  on t he  dependent v a r i a b l e s  
mentioned above. The number o f  persons, rooms and water  us i ng  f i x -  
t u r e s  and appl iances,  t h e  va lue  o f  t h e  dwe l l  i n g  u n i t ,  t h e  f a m i l y  
income, t h e  l o t  s i z e  and t h e  lawn area ca tego r i ze  t h e  independent 
v a r i a b l e s .  Whi le t h e  s tudy  d i d  c o l l e c t  p r imary  data where requ i r ed ,  
Kel low was i n t e r e s t e d  i n  c a r r y i n g  o u t  t h e  ana l ys i s  us i ng  o n l y  second- 
a r y  and e a s i l y  a v a i l a b l e  data.  There fo re  equat ions a r e  presented 
(a )  us ing  a l l  data ,  ( b )  us i ng  secondary and o t h e r  e a s i l y  a v a i l a b l e  
data,  and ( c )  u s i n g  secondary da ta  a lone.  The r e s u l t  of t h e  a n a l y s i s  
a r e  32 m u l t i p l e  l i n e a r  r eg ress i on  equat ions d e s c r i b i n g  t h e  wate r  use 
under va r i ous  c o n d i t i o n s  cha rg i ng  system ( i  .e. metered o r  f l a t  r a t e ) ,  
p e r i o d  (annual ,  summer and w i n t e r )  and data ava i  l a b i l  i t y  c l ass .  
The s tudy  con f i rmed f i n d i n g s  o f  many p rev ious  s t u d i e s  t h a t  
wa te r  use i s  s u b s t a n t i a l l y  h i g h e r  under a  f l a t  r a t e  system than  under 
a  metered system. Whi ie  customers p a i d  a lmost  i d e n t i c a l  y e a r l y  
charges under b o t h  charg ing  systems, those e l e c t i n g  t h e  f l a t  r a t e  
system used a lmost  t w i c e  as much water  as those e l e c t i n g  t h e  metered 
system. The s tudy  showed t h a t  users  of  t h e  f l a t  r a t e  system had a  
h i g h e r  number o f  wa te r -us ing  f i x t u r e  and appl iances,  and l a r g e r  
f a m i l i e s  than those us i ng  t h e  meter-based system. Sumner lawn 
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s p r l n k l l n g  uses were r e f l e c t e d  by t he  much l a r g e r  month ly  water  use 
i n  t he  summer than i n  t h e  w i n t e r  (9,500 ga l l ons  vs.  5,500 g a l l o n s ) .  
The amount o f  water  used was found t o  vary  d i r e c t l y  w i t h  income o r  
assessed p rope r t y  va l  ue (97) .  
H igher  surnmer water  use was assoc ia ted w i t h  h i ghe r  incomes 
due t o  t h e  g r e a t e r  use o f  water  f o r  lawn s p r i n k l i n g  by h i ghe r  income 
f a m i l i e s .  F i n a l l y ,  t he  s tudy showed t h a t  l i t t l e  o r  no p r e d i c t i v e  o r  
exp lana to ry  power was l o s t  when t he  a n a l y s i s  was con f i ned  t o  secondary 
and o t h e r  e a s i l y  a v a i l a b l e  data.  For example, house value, which i s  
s t r o n g l y  income r e l a t e d ,  i s  a c t u a l l y  a  b e t t e r  es t ima to r  of r e s i d e n t i a l  
water use than f a m i l y  income, da ta  f o r  which a re  more d i f f i c u l t  t o  
ob ta i n .  Assessed housing value, which i s  even e a s i e r  t o  ob ta i n ,  i s  
as good an e s t i m a t o r  as a c t u a l  house value. Also, l o t  s i ze ,  which i s  
eas ie r  t o  o b t a i n  than lawn s i ze ,  i s  j u s t  as good as lawn s i z e  i n  
de te rmin ing  water  use. 
Sewell and Roueche (98)  conducted a  s tudy o f  mun ic ipa l  water  
demands i n  the  c i t y  o f  V i c t o r i a ,  B r i t i s h  Columbia. As i n  t h e  case 
of  Grima's research, Sewell and Roueche focussed on t h e  r o l e  of wa te r  
p r i c e  i n  reduc ing  peak l oad  demand and u l t i m a t e l y  t he  amount of 
investment  i n  mun ic ipa l  water  supply  systems. The research method- 
o logy  was, again,  m u l t i p l e  regress ion  ana lys is ,  w i t h  dependent 
v a r i a b l e s  o f  annual wa te r  use, peak pe r i od  water use (June through 
August), of f -peak water  use (October through A p r i l )  and mid-peak 
water use (May and September). Independent v a r i a b l e s  were average 
water p r i c e  i n  t h e  corresponding f o u r  per iods,  income, peak and mid- 
peak average temperatures, and peak and mid-peak p r e c i p i t a t i o n .  
Average water  p r i c e s  were c a l c u l a t e d  as averages pe r  customer across 
t h e  V i c t o r i a  urban reg ion .  Income was measured i n  terms o f  average 
d isposab le  pe r  t a x  r e t u r n  across t he  urban reg ion .  A l l  data were 
gathered from secondary sources, w i t h  no sampling be ing  c a r r i e d  ou t ,  
i n  c o n t r a s t  t o  t he  Grima and Kel low s tud ies  o u t l i n e d  above. Also, i n  
measuring water  use, a l l  mun ic ipa l  uses, i n c l u d i n g  commercial, 
i n s t i t u t i o n a l  and i n d u s t r i a l  were inc luded,  and t h e  assumption was 
made t h a t  because these l a t t e r  t h r e e  uses were smal l ,  t he  r e s u l t i n g  
measure of the  dependent v a r i a b l e s  r e f l e c t e d  accu ra te l y  r e s i d e n t i a l  
water  use. 
The r e s u l t s  of the  Sewell and Roueche s tudy a r e  g iven  i n  
Table 4 i n  t he  l o g a r i t h m i c  (exponent ia l  ) form. The f o u r  models had 
reasonably  h i g h  degrees of exp lana t ion ,  w i t h  t he  R 2  values rang ing  
from 63% t o  80%. None of t he  v a r i a b l e s  was found t o  be c o n s i s t e n t l y  
s i g n i f i c a n t  a t  a  h i g h  ( i  .e. 95% o r  ove r )  l e v e l .  P r i c e  was found 
s i g n i f i c a n t  a t  t he  95% l e v e l  i n  two cases and a t  t he  90% l e v e l  i n  
one case. A l though t he  untransformed form o f  the  equat ions was a l s o  
ca l cu la ted ,  t he  l o g a r i t h m i c  form proved b e t t e r  i n  terms o f  t h e  l e v e l  
o f  exp lana t ion .  I n  c o n t r a s t  t o  Grima and Kellow, t he  l o g a r i t h m i c  
t r ans fo rma t i on  used n a t u r a l  logs,  n o t  l ogs  t o  base 10. 
Sewell and Roueche a p p l i e d  t h e i r  r e s u l t s  t o  s i m u l a t i n g  t h e  
e f f e c t s  o f  p r i c e  on urban water  management, app l y i ng  a  technique 
developed by Davis and Hanke (99) .  Three d i f f e r e n t  p r i c e  l e v e l s  
TABLE 4. REGRESSION EQUATIONS FOR MUNICIPAL WATER USE 
Demand Funct ion 
Annual demand 1nQ = 1.656 - 0.395 lnP* + 0.191 l n i  + 0.272 1nT - 0.066 InR* 
Peak demand 1nQ = -2.528 - 0.065 1nP - 0.049 I n 1  + 1.650 InT* - 0.091 lnR* 
Off-peak demand 1nQ = -0.845 = 0.579 lnP* + 0.504 l n I *  
Mid-peak demand 1nQ - 11.96* - 0.252 InP** + 0.277 I n 1  + 3.097 lnT* + 0.040 1nR 
* S i g n i f i c a n t  a t  95% l e v e l  
** S i g n i f i c a n t  a t  90% l e v e l  
Q = Consumption/cus t m e r  
P = Average p r i c e  ($1 961 ) 
I = Disposable incane/Tax r e t u r n  ($1961 ) 
T = Average temperature 
R = Average r a i n f a l l  
SOURCE (98) 
were estimated: off-peak, peak and mid-peak, de f ined as o u t l i n e d  
e a r l i e r .  The 1  inear  regression equations were then used t o  sirnulate 
the  e f f e c t s  o f  these p r i c e  l e v e l s  on water demand and revenue f o r  the 
years 1967 through 1970. The r e s u l t s  of the s imu la t ion  were then 
compared t o  the ac tua l  water usage experienced dur ing  these years. 
On an annual basis,  use of the th ree  p r i c e  l e v e l s  ( a t  the appropr ia te  
per iods)  r e s u l t s  i n  an o v e r a l l  increased water use o f  from 6.7% t o  
7.6%. I n  the peak (June through August) period, use of the ca l cu la ted  
peak pe r iod  p r i c e  r e s u l t s  i n  a  decreased water demand o f  from 5.4% t o  
7.6%. S i m i l a r l y ,  i n  the  off-peak period, use of the ca l cu la ted  o f f -  
peak p r i c e  r e s u l t s  i n  an increased water use o f  from 17.9% t o  20.6%. 
Annual revenues would dec l i ne  from 4% t o  6.9% as a  r e s u l t  o f  us ing  
se lec t i ve  p r i c i n g .  
The authors conclude t h a t  peak load p r i c i n g  w i l l  r e s u l t  i n  
a  decreased demand i n  the peak per iod.  Since capac i ty  o f  an urban 
water supply system i s  o r i en ted  t o  the  peaks i n  water demand;the 
authors c l a i m  t h a t  t h i s  would eventua l ly  lead t o  a  diminished 
requirements f o r  (expensive) capac i ty  expansions. A1 so e x i s t i n g  
capac i ty  would be b e t t e r  u t i l i z e d  i n  the off-peak per iod.  
The Canadian s tud ies  by Grima, and Sewell and Roueche 
genera l l y  a re  cons i s ten t  w i t h  f i nd ings  i n  o the r  areas. The concept 
of p r i c e  e l a s t i c i t y  r e f e r s  t o  the response o f  q u a n t i t y  demanded t o  
p r i c e  chances. It i s  measured as the percentage change i n  q u a n t i t y  
t o  the percentage change i n  p r i ce .  E l a s t i c i t i e s  are normal ly  denoted 
by negat ive signs t o  i n d i c a t e  a  demand curve s lop ing  down t o  the 
r i g h t .  Ignor ing  the s ign  e l a s t i c i t i e s  greater  than one are def ined 
as e l a s t i c ;  l ess  than one, i n e l a s t i c ;  and 0, p e r f e c t l y  e l a s t i c .  
Most water demand studies have shown the  q u a n t i t i e s  of water 
demanded t o  be r e l a t i v e l y  i n e l a s t i c  w i t h  respect t o  p r i c e .  Howe and 
L i  naweaver (1  00) ca l cu la ted  demand e l  a s t i  c i  t i e s  t o  range between 
-0.231 f o r  domestic ( i ndoo r )  demand and -1.12 f o r  lawn i r r i g a t i o n  
demand. Rees (101 ) showed r e s i d e n t i a l  demand e l a s t i c i t y  t o  be a  low 
-0.16. Wong (102) found t h a t  demand e l a s t i c i t i e s  i n  the Chicago area 
t o  range between -0.0177 and -0.2830. Both Howe and Linaweaver ( ' i03) 
and Rees (104) i n d i c a t e  t h a t  demand e l a s t i c i t i e s  are  h igher  i n  the 
summer than i n  t he  w in ter .  
Grima's regression models behave i n  the manner found i n  
o t h e r  s tudies,  w i t h  the p r i c e  e l a s t i c i t i e s  ranging between -0.751 and 
-1.07, and being h igher  i n  the  summer than the  w in te r .  Sewell and 
Roueche found t h a t  water demand i n  V i c t o r i a  was i n e l a s t i c ,  bu t  g rea te r  
i n  the w i n t e r  (-0.579) than i n  the summer (-0.395). The authors 
a t t r i b u t e  t h i s  f i n d i n g  t o  the  p e c u l i a r  water us ing  hab i t s  o f  V i c t o r i a  
res idents,  which they term the "green lawn syndrome" (105) bu t  t h i s  
research r e s u l t  needs more i n v e s t i g a t i o n  before i t  can be adequately 
explained. 
I n  con t ras t  t o  the  studies by Grima, Kellow, and Sewell and 
Roueche, which focussed upon water demands and p r i c i n g  i n  s i n g l e  
~ i ie t ropo l  i t a n  areas, V i c t o r  (106) s tudied the use o f  environmental 
resources ( i  .e. land, a i r  and water)  i n  i n d u s t r i a l  product ion on a  
na t i ona l  bas is .  The study focussed upon t h e  f lows o f  environmental 
commodities through t h e  economy. It i s  r e a l l y  n o t  a  water demand 
fo recas t i ng  s tudy o r  water  use study, b u t  i t  i s  no tab le  f o r  i t s  
a p p l i c a t i o n  o f  t h e  i npu t -ou tpu t  techniques and the  Canadian i n p u t -  
ou tpu t  t a b l e s  (107) t o  a  ma te r i a l s  balance view o f  t he  environment 
(1  08).  Basi ca l  l y  , the s tudy augments the  comnodi t y -by - i ndus t r y  
i npu t -ou tpu t  t a b l e  a v a i l a b l e  f o r  the  Canadian economy by adding 
land, water  and a i r  sectors.  I n  a  manner s i m i l a r  t o  the  one descr ibed 
i n  sec t i on  C.6 t h i s  approach a l lows the ana l ys t  t o  t r a c e  the  impacts 
on the  environment o f  changes i n  f i n a l  demand, such as an increase 
i n  personal expenditure. While V i c t o r ' s  work d i d  n o t  deal d i r e c t l y  
w i t h  water demand fo recas t ing ,  t he  techniques developed a r e  very 
r e l e v a n t  t o  such tasks, as shown e a r l i e r .  
To summarize, app l i ed  water use and demand s tud ies  i n  Canada 
have been, f o r  t h e  most p a r t ,  q u i t e  elementary i n  nature,  and have 
re1 i e d  almost e x c l u s i v e l y  on a  coef f ic i .ents  approach. There have been a  
few e x c e l l e n t  examples o f  a t tempts t o  improve the  methodology and 
conceptual con ten t  o f  use and demand s tud ies ,  b u t  these have remained 
unadapted. The need t o  r a t i o n a l i . z e  water use has n o t  y e t  been f e l t  
i n  s u f f i c i e n t  s t r e n g t h  t o  generate t he  need f o r  more soph i s t i ca ted  
methods. Also, many areas throughout Canada s t i l l  use water  t o  
promote o the r  p u b l i c  goals,  such as a t t r a c t i n g  i ndus t r y .  I n  doing 
so, they have es tab l i shed  water p r i c i n g  a t  ni i f i imal l e v e l s ,  thereby 
subs id i z i ng  some users, a t  t h e  expense o f  encouraging e f f i c i e n t  
pa t te rns  o f  water use. 
E. .- CURRENT EEVELOPMENTS IN  WATER USE AND 
DEMAND FORECASTING I N  CANADA 
E f f o r t s  a r e  c u r r e n t l y  being made i n  Canada t o  i nco rpo ra te  
many o f  t h e  cons idera t ions  o u t l i n e d  i n  s e c t i o n  C i n t o  p r a c t i c a l ,  
working methodologies f o r  water demand fo recas t ing ,  i n  t h i s  way 
f u l f i l l i n g  t he  needs f o r  t h i s  a c t i v i t y  i d e n t i f i e d  i n  s e c t i o n  0 .  Th is  
work i s  being conducted i n  con junc t i on  w i t h  f ede ra l  and p r o v i n c i a l  
water management s tud ies ,  such as the  for thcoming P r a i r i e  Provinces 
Water Demand Study (109). Th i s  s e c t i o n  o f  t h e  paper deals  w i t h  
"ese developments, beginning w i t h  t h e  fo rmu la t i on  o f  a  n a t i o n a l  
f o recas t i ng  framework, and proceeding t o  an o u t l i n e  o f  f a c t o r s  t o  be 
considered i n  each water  demand sec tor .  These sec tors  a r e  munic ipal ,  
i n d u s t r i a l  and r e c r e a t i o n a l .  The i n d u s t r i a l  sec to r  i s  sub-d iv ided 
i n t o  manufactur ing and mining, a g r i c u l t u r e ,  nav iga t i on  and power 
generat ion.  
1 .  Formulat ing the  Basic Framework 
A  major p o i n t  covered i n  s e c t i o n  C.2 was the  need f o r  
w a x r  demand f o r e c a s t i n g  t o  proceed from the  n a t i o n a l  t o  t h e  l o c a l  
l s v e l .  I n  t h i s  way, bas ic  data, v i t a l  t o  fo recas t ing  a t  t h e  l o c a l  
l e v e l  b u t  a v a i l a b l e  on l y  a t  a  more aggregated na t i ona l  o r  p r o v i n c i a l  
'eve l ,  form t h e  framework f o r  t h e  f o r e c a s t i n g  exerc ise .  As shown by 
t he  general framework dep ic ted  i n  F igure  2, t he re  a r e  two p r i n c i p a l  
components o f  a  n a t i o n a l  l e v e l  model - popu la t i on  c h a r a c t e r i s t i c s  
FIGURE 2 AN AGGREGATE WATER USE AND DEMAND FORECASTING FRAMWORK 
Populat ion 
2haracter i  s ti cs and 
Growth 
-number . 
-municipal - r u r a l  
breakdown , 
-age-sex s t ruc tu res  
-number of house- 
hol  ds 
-income s t r u c t u r e  
v 
River  Basin Water 
Use and Demand 
Forecasts I i -  t- 
- 
R i  ver  Bas i n Water 7
Assumptions about 
A1 t e r n a t i  ve Futures = 
4 
- - - f \  
If Inadequate 
! 
- s t r u c t u r a l  measures-dams 
d ivers ions  ,etc. 
-re-eval-uat ion .o 
* - - 
' I I n d u s t r i  a1 Sector a 4 
t 
I 
I > ! + i 
I use and demand I 
I n d u s t r i a l  Growth 
and Product ion by 
Type and Region 
-value o f  shipments 
-empl oment 
--output volume 
-energy requirements 
!' - - Input-Output 
. St ruc tu re  
11 
-, 
4 
- 
- 
Recreat ional 
Model 
Aggregate Populat ion 
and I n d u s t r i  a1 
Growth Rates i 
Munic ipal  Model 
- 
Manufacturing Aqr icu l  t ~ r r a l  and E in ing  
Model Model 
Navi a t i o n a l  9 Mode 
- 
Energy 
fi;a~ya ti on 
.1 
and growth and i n d u s t r i a l  growth and product ion. These two components 
a re  l i n k e d  by assumptions concerning a l t e r n a t i v e  fu tu res  and aggregate 
popu la t ion  and i n d u s t r i a l  growth ra tes .  Thus a l l  work i n  t h e  sub- 
sectors which comprise t h e  aggregate model i s  o r i en ted  t o  t h e  
a1 t e r n a t i v e  fu tu res  approach. 
The popu la t ion  c h a r a c t e r i s t i c s  and growth component compiles 
n a t i o n a l l y  a v a i l a b l e  data on popu la t ion  p ro jec t i ons  and manipulates 
i t  i n t o  appropr ia te  r i v e r  basin regions.  This  i s  c a r r i e d  ou t  i n  t he  
f o l l o w i n g  manner: 
1. Compute t h e  numbers and c h a r a c t e r i s t i c s  o f  t he  
popu la t ion  r e s i d i n g  i n  each r i v e r  basin s ince  1951. 
This  i s  done by manipulat ing c u r r e n t  and pas t  census 
data i n t o  r i v e r  bas in  regions. 
2. Ca lcu la te  the  propor t ions  o f  r i v e r  bas in  t o  p r o v i n c i a l  
popu la t ion  by 5-year i n t e r v a l s  s ince  1951 . 
3. Using the  method of 5-year r o l l i n g  averages, p r o j e c t  
these propor t ions  t o  the  t a r g e t  f o recas t  year  (e.g . 
2000). 
4. M u l t i p l y  t he  propor t ions  der ived i n  t h i s  manner t o  the  
forecasted p r o v i n c i a l  populat ions done by S t a t i s t i c s  
Canada, o r  corresponding p r o v i n c i a l  agencies. 
The r e s u l t  o f  us ing  t h i s  method w i l l  be a  fo recas t  o f  r i v e r  basin 
popu la t ion  which i s  co-ord inated w i t h  o f f i c i a l  na t i ona l  and p r o v i n c i a l  
forecasts. The same technique can be c a r r i e d  ou t  t o  ob ta in  forecasts 
o f  popu la t ion  i n  i n d i v i d u a l  m u n i c i p a l i t i e s  i n  each r i v e r  basin. Since 
t h e  basic  popu la t ion  p ro jec t i ons  from S t a t i s t i c s  Canada have been 
made on t h e  basis  o f  f o u r  d i f f e r e n t  sets o f  assumptions, t he  basis  
f o r  t h e  a l t e r n a t i v e  f u t u r e s  approach i s  incorporated i n t o  t h i s  method 
o f  d e r i v i n g  r i v e r  bas in  popu la t ion  forecasts.  The c h a r a c t e r i s t i c s  
of  t h e  popu la t ion  o f  i n t e r e s t  a re  age-sex s t ruc tu re ,  income s t r u c t u r e  
and number o f  households (1  10).  
The i n d u s t r i a l  component o f  the  na t i ona l - l eve l  model i s  
concerned w i t h  d e r i v i n g  fo recas ts  o f  i n d u s t r i a l  a c t i v i t y  i n  r i v e r  
basins, as r e f l e c t e d  by phys ica l  product ion output,  employment and 
value o f  shipments. On t h e  basis  o f  assumptions about a l t e r n a t i v e  
f u t u r e s  and growth ra tes ,  f i n a l  demand f o r  i n d u s t r i a l  products under 
a  range o f  f u t u r e  cond i t i ons  can be estimated. ,These est imates of 
f i n a l  demand can then be used i n  con junc t ion  w i t h  the  na t i ona l  i npu t -  
ou tpu t  t a b l e  (111) t o  fo recas t  d i r e c t  p lus  i n d i r e c t  i n d u s t r i a l  outputs 
i n  a  manner o u t l i n e d  i n  sec t i on  C.6. The na t i ona l  est imates made i n  
t h i s  way can be disaggregated t o  the  p r o v i n c i a l  l e v e l  us ing S t a t i s t i c s  
Canada shares o f  p roduct ion  by each i n d u s t r i a l  group. By proceeding 
i n  t h i s  manner, t h e  econoniic i n t e r r e l a t i o n s h i p s  amongst i n d u s t r i e s  
( i n c l u d i n g  manufacturing, mining, a g r i c u l t u r e  and energy generat ion)  
a r e  taken i n t o  account. 
2. Car ry ing  Out Local  Water Demand Forecasts 
Whi le a  n a t i o n a l  framework i s  impor tan t  i n  assur ing  a  
r e l i a b l e  and c o n s i s t e n t  da ta  base, most of t he  d e t a i l e d  work on 
ana l ys i s  and p r o j e c t i o n  of f u t u r e  water  demands w i l l  be c a r r i e d  o u t  
a t  t he  r i v e r  bas in  and l o c a l  l e v e l s ,  where supp l ies  and demands can 
be compared. Th i s  sec t ion ,  which draws h e a v i l y  upon methodologies 
suggested by t he  au thor  f o r  t h e  proposed P r a i r i e  Provinces Water 
Demand Study (1  12) and those out1 ined  i n  Forecas t ing  t he  Demands f o r  
Water (113) w i l l  descr ibe  b r i e f l y  t h e  types o f  v a r i a b l e s  be ing 
cons idered a t  t h e  l o c a l  l e v e l  i n  fo rmu la t ing  models f o r  f o r e c a s t i n g  
water  demands. 
( a )  Mun ic ipa l  sec to r :  A  mun ic ipa l  water  use and demand f o r e c a s t i n g  
framework i s  dep ic ted  i n  F igure  3. The ac tua l  f o r e c a s t i n g  l e v e l  i s  
t h e  i n d i v i d u a l  m u n i c i p a l i t y .  I n  Canada i t  i s  in tended t h a t  a l l  
m u n i c i p a l i t i e s  over  1,000 persons w i l l  be analyzed separa te ly ,  w h i l e  
those under 1,000 persons w i l l  be d e a l t  w i t h  us ing  c o e f f i c i e n t s  o f  
t o t a l  water  pumped per  c a p i t a .  I npu t s  t o  t he  i n d i v i d u a l  c o r n u n i t y  
models w i l l  be de r i ved  f rom the  p o p u l a t i o n / a g r i c u l t u r e  component of 
t h e  na t i ona l / r eg iona l  model and o t h e r  data r e q u i r e d  o n l y  f o r  t h e  
mun ic ipa l  model. The popu la t i on  f o recas t s  f o r  i n d i v i d u a l  m u n i c i p a l i t i e s  
a r e  based upon t h e  n a t i o n a l  popu:ation p r o j e c t i o n s ,  d isaggragated i n  a 
manner s i m i l a r  t o  t h a t  o u t l i n e d  i n  s e c t i o n  E . l  f o r  t he  d e r i v a t i o n  o f  
r i v e r  bas in  popu la t i on  f o recas t s .  A l l  o f  these da ta  a r e  c o l l a t e d  t o  
form a  s e t  o f  c o r n u n i t y  p r o f i l e s  as shown i n  F igu re  2, which i n  t u r n  
form the  bas i s  f o r  t he  water use and demand fo recas t s .  
Munic ipa l  water  demands a re  t he  sum o f  severa l  d i f f e r e n t  
types o f  demands, r e s i d e n t i a l ,  commercial, i n d u s t r i a l  and i n s t i t u t i o n a l  - 
each o f  which should be est imated separa te ly .  For r e s i d e n t i a l  water  
use, Howe (114) o u t l i n e d  a  s e r i e s  o f  mu1 t i p l e  regress ion  equat ions 
which may be used t o  es t imate  c o e f f i c i e n t s  o f  use per  dwel l  i n g  u n i t  
i n  mun ic ipa l  areas. A  s i m i l a r  s e t  o f  equat ions by Grima (115) cou ld  
a l s o  be t r i e d  t o  o b t a i n  a range o f  c o e f f i c i e n t s .  The de r i ved  
c o e f f i c i e n t s  a r e  then m u l t i p l i e d  by t he  number o f  d w e l l i u g  u n i t s  i n  
t he  m u n i c i p a l i t y  t o  o b t a i n  t he  r e s i d e n t i a l  water  demand. The number 
o f  d w e l l i n g  u n i t s  i n  t he  f u t u r e  i s  a  f u n c t i o n  o f  f u t u r e  popu la t i on  
as g i ven  by t h e  n a t i o n a l  framework s tud ies .  I n  Canada, a l l  data 
r e q u i r e d  f o r  t h e  Howe o r  Grima models a re  a v a i l a b l e ,  and i n i t i a l  
Canadian at tempts t o  f o r e c a s t  r e s i d e n t i a l  water  demands can use 
these models. L a t e r  e f f o r t s  w i  11 r e f i n e  t h e  models by re fo rmu la t i ng  
them us ing  da ta  c o l l e c t e d  f o r  d i f f e r e n t  areas across Canada. A l though 
water  use c o e f f i c i e n t s  a r e  s t i l l  impor tan t  t o  t h i s  methodology, t h e  
es t ima t i ng  da ta  f o r  t h e  c o e f f i c i e n t s  takes i n t o  account t he  economic 
na tu re  o f  r e s i d e n t i a l  water  demand, thereby making t he  methodology 
t h e o r e t i c a l l y  c o r r e c t .  The f o l  l ow ing  t a b l e  shows t h e  equat ions used 
i n  t h e  Howe models t o  es t imate  average d a i l y  in-house water  demands, 
average d a i l y  summer s p r i n k l i n g  requirements and maximum d a i l y  summer 
sprinkling.requirements. The Grima equat ions were g i ven  i n  Table 3. 
Commercial and i n s t i t u t i o n a l  water  uses have been s tud ied  
i n  much l e s s  d e t a i l  than r e s i d e n t i a l  ones. The landmark s tudy o f  
these uses was done a  number o f  years ago by Wol f f ,  Linaweaver and 
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Geyer (116). This  study broke comnercial and i n s t i t u t i o n a l  uses i n t o  
t h e i r  component par ts ,  and determined f o r  t he  study area, Balt imore, 
U.S.A., and average c o e f f i c i e n t  o f  d a i l y  withdrawal per  u n i t  o f  s ize .  
For example, f o r  department s tores,  water withdrawal was g iven i n  
ga l lons  per  square foot .  A more recent  study by McCuen e t  a1 . (1 17) 
developed a  se r ies  o f  l i n e a r  regress ion  equat ions f o r  water use i n  
d i f f e r e n t  types o f  corr~mercial establ ishments l oca ted  i n  f o u r  shopping 
centers i n  the  U.S. U n t i l  Canadian s tud ies  o f  commercial and 
i n s t i t u t i o n a l  water use a re  ava i l ab le ,  water use and demand fo recas t i ng  
p r o j e c t s  w i l l  have t o  r e l y  on these two sources f o r  bas ic  c o e f f i c i e n t s  
o r  es t imat ing  equat ions. Since commercial and i n s t i t u t i o n a l  water uses 
account f o r  about 17% (1 18) o f  municipal water pumpage, i t  i s  c l e a r  
t h a t  more work needs t o  be done on fo rmu la t i ng  water demand models f o r  
these uses. 
I n d u s t r i a l  demands from munic ipal  water supply systems may 
be d i v ided  i n t o  wi thdrawals by l a r g e  pr imary users and wi thdrawals 
by smal ler  secondary and t e r t i a r y  i ndus t r i es .  The l a t t e r  a r e  small 
i n  volume, and, because no Canadian s tud ies  o f  them have been done, 
the  use o f  water use c o e f f i c i e n t s  per  u n i t  o f  p roduct ion  may be 
permiss ib le.  Withdrawals by l a r g e  i ndus t r i es ,  on the  o the r  hand, 
should be analyzed as p a r t  o f  i n d u s t r i a l  water demands and then l i n k e d  
back t o  the  munic ipal  system. 
(b )  Indus t r ia l -manufac tur ing  and mining: A model suggested f o r  water 
use and demand f o r e c a s t i n g  i n  t he  manufactur ins sub-sector o f  i n d u s t r y  
i s  shown i n  F i g l ~ r e  4 (119 i .  I npu ts  from the  i n d u s t r i a l  component of - 
t he  na t i ona l / reg iona l  framework a re  est imates o f  f u t u r e  product ion  
l e v e l s  f o r  each type o f  i n d u s t r y  ( e . g .  i r o n  and s tee l ,  pu lp  and paper, 
e t c . )  f o r  each prov ince.  These, i t  w i l l  be reca l l ed ,  a re  obta ined 
us ing  i nput-output  ana lys i s  a t  the  na t i ona l  1  eve1 and d isaggregat ion 
t o  the  p r o v i n c i a l  l e v e l  us ing product ion  shares. Other i npu ts  requ i red  
are  s h i f t - s h a r e  r a t i o s  (1 20), i n fo rma t ion  on a n t i c i p a t e d  tech r~o l  og i  ca l  
changes r e l a t e d  t o  i ndus t r y ,  i n fo rma t ion  o f  e f f l u e n t  c o n t r o l s  l i k e l y  
t o  be imposed i n  the  f u t u r e  along w i t h  an est imate o f  t h e i r  water use 
impacts, and, f o r  mining, i n fo rma t ion  and product ion  data on new mine 
s i t e s .  The sh i f t - sha re  r a t i o s  a r e  used t o  analyze past  p roduct ion  
growth by m u n i c i p a l i t y  and t o  p r o j e c t  i t  t o  the t a r g e t  year .  Techno- 
l o g i c a l  and e f f l u e n t  c o n t r o l  i n fo rma t ion  feeds d i r e c t l y  i n t o  the  water 
use and demand fo recas t i ng  model . The i n d u s t r i a l  p roduct ion  in fo rmat ion ,  
t h e  s h i f t - s h a r e  data, and the  data on new mining areas are  combined t o  
fo rmula te  comnunity i n d u s t r i a l  p r o f i l e s  f o r  each n iun ic - ipa l i t y  i n  t h e  
study area. 
The water use and demand fo recas t i ng  model shown i n  F igure  4 
has a l ready been discussed i n  sec t i on  0, and the  reader i s  re fe r red  
back t o  t h a t  d iscussion.  
( c )  I n d u s t r i a l - a g r i c u l  t u re :  An a g r i c u l t u r a l  water use model i s  
out1 ined i n  F igure 5. I npu ts  t o  the  model de r i ve  from both t h e  
popu la t i on /ag r i cu l t u re  and the  i n d u s t r i a l  components o f  the  n a t i o n a l /  
reg iona l  framework. These i npu ts  a re  supplemented by i n fo rma t ion  on 
land under i r r i g a t i o n ,  and by economic assessments o f  the  demand f o r  
crops produced by means of i r r i g a t i o n .  
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A g r i c u l t u r a l  water uses can be subdivided i n t o  r u r a l  domestic, 
stockwatering and l r r i g a t l o n  components. For r u r a l  doniestic and 
stockwatering uses, the  amount o f  water used i s  in f luenced t o  a h igh  
degree by human and 1 ives tock  populat ions, respec t i ve l y .  Since water 
f o r  these uses i s  usua l l y  sel f-suppl ied, water p r i c i n g  concepts have 
no a p p l i c a t i o n  i n  f o recas t i ng  them i n  Canada. Thus, re1 iance w i l l  
l i k e l y  cont inue t o  be placed upon c o e f f i c i e n t s  o f  water i n take  per  
c a p i t a  o r  per head of l i v e s t o c k  f o r  these two uses. Rural and l i v e s t o c k  
populat ion fo recas ts  a re  produced as p a r t  o f  the  na t i ona l  fra~iiework 
studies.  
I r r i g a t i o n  water use i n  Canada i s  subs tan t i a l .  The 
1.1 m i l  1 i o n  i r r i g a t e d  acres account f o r  a water withdrawal o f  about 
1.3 b i l l  i o n  ga l lons  o f  water per day (121 ) ,  a l a r g e  p a r t  of which i s  
consumed. Forecast ing i r r i g a t i o n  water use i s  a very complex task, 
i n v o l v i n g  market ing and product demand considerat ions as we l l  as 
physical  considerat ions such as crop requirements and p o t e n t i a l  
evapotranspi rat ion.  Water p r i c i n g  has never been sub jec t  t o  ana lys is  
i n  Canada, as no i r r i g a t i o n  area has attempted t o  cover more than i t s  
supply costs through water charges. Thus i t  i s  extremely d i f f i c u l t  t o  
speak o f  i r r i g a t i o n  water "demands" i n  Canada. 
For the P r a i r i e  Provinces Water Demand Study, a framework 
was developed f o r  analyz ing i r r i g a t i o n  water use, which contained 
th ree  d i s t i n c t  u n i t s :  an economic u n i t ,  a  land requirements u n i t  
and a water use and demand u n i t .  The economic u n i t  examines the  
demand f o r  a g r i c u l t u r a l  products, value o f  product ion, and an economic 
assess~iient o f  the  f u t u r e  area under i r r i g a t i o n .  This  u n i t  i s  p a r t  o f  
the  inputs  on the  l e f t  s ide  o f  F igure 5. Once aggregate crop demands 
have been determined, the  demand f o r  i r r i g a t e d  crops can be est imated 
us ing  past  p ropor t ions  o f  t o t a l  crops produced by i r r i g a t i o n  p lus  
in fo rmat ion  as t o  f u t u r e  p o l i c i e s  on promoting i r r i g a t i o n  as opposed 
t o  dry land farming. This  in fo rmat ion  i s  then used i n  the  land 
requirements u n i t  o f  t h e  model t o  q u a n t i f y  and a l l o c a t e  t o  r i v e r  basins 
the  amount o f  land requ i red  i n  the  fu tu re .  I n  tu rn ,  t h i s  i n fo rma t ion  
i s  used as i n p u t  t o  t he  water use and demand u n i t ,  where i t  i s  analyzed 
i n  con junc t ion  w i t h  data on r a i n f a l l ,  crop water requirements and 
p o t e n t i a l  evapot ransp i ra t ion  t o  g i ve  an est imate o f  water d i ve rs ions  
f o r  i r r i g a t i o n .  This  model f o r  i r r i g a t i o n  water demands i s  much more 
elementary than the  1 i nea r  p rog raming  approach (122), which seems 
t o  r e f l e c t  t he  cur ren t  s t a t e  o f  the  a r t  i n  t he  U.S. (123). However, 
i n  Canada the  data requirements o f  the  l i n e a r  programming approach 
a re  probably too great  t o  a l l o w  the  use o f  t h i s  approach i n  the  near 
f u t u r e .  
(d )  I n d u s t r i a l  -energy generat ion (1 24) : Figure 6 shows a model 
suggested f o r  f o recas t i ng  water use and demands i n  t he  energy 
generat ion sector .  Inputs  from the  i n d u s t r i a l  component o f  t he  
na t i ona l / reg iona l  framework are  fo recas ts  o f  energy requirements 
by reg ion  and r i v e r  basin. Other inputs  inc lude the  product ion mix 
(e.g. hydro/thermal ) experienced i n  the  past, a  product ion possi b i  1  il- 
i t i e s  curve (125), and the  a v a i l a b i l i t y  o f  hydro s i t e s  f o r  f u t u r e  
developments. A l l  of these i npu ts  are used t o  determine the  l o c a t i o n  
and generat ion type of f u tu re  energy generat ion p ro jec ts .  
FIGURE 6 
Regional/River Basin 
AN ENERGY GENERATION WATER USE AND DEMAND MODEL 
Local Water Use and Demand Fo recas t i ng  
Hydroe lec t r i c  Energy 
C 
I npu t  from I n d u s t r i a l  ' Generati on 
Component o f  
Nat iona l  /Regional -head and f l o w  
Framework - requ i  r e d  -  
- 
-s torage requ i red  
- 
-energy requ i  re -  -ana lys is  o f  impacts 
ments by reg ion  on o the r  uses and y I 
and r i v e r  bas in  mod i f i ca t i ons  i f  
I requ i red  .) 
S i t e  Determinat ion 
Energy.. 
. ' 
i = .  -ana lys is  and Generat ion s e l e c t i o n  o f  Water 
Demand 
Energy generat ion water demands have two major components: 
hyd roe lec t r i c  power generat ion and thermal power generat ion ( i n c l u d i n g  
nuc lear ) .  Each type has d i s t i n c t  water use c h a r a c t e r i s t i c s  and thus 
must be analyzed separate ly  and d i s t i n c t l y  from the  o ther .  
Because h y d r o e l e c t r i c  power generat ion may cause l a r g e  
changes i n  r i v e r  f l o w  pat te rns ,  i t  may a f f e c t  o the r  in-stream water 
uses, such as recreat ion ,  f i s h i n g  and hunt ing, nav iga t i on  o r  waste 
d i l u t i o n  (126). For t h i s  reason, Bower mainta ins t h a t  the  opportuni -  
t i e s  foregone through hyd roe lec t r i c  development must be assessed as 
p a r t  o f  the  dec i s ion  t o  develop the  s i t e .  He suggests t h a t  t h i s  i s  
an i t e r a t i v e  step, because f o r  each poss ib le  s e t  o f  opera t ing  ru les ,  
t h e  e f f e c t s  o f  the  competing uses w-i 11 be d i f f e r e n t .  For example, 
t he  t r a d e - o f f  between s t o r i n g  water f o r  power generat ion as opposed 
t o  t i m e l y  re lease f o r  waste d i l u t i o n  must be evaluated f o r  each s e t  
o f  power p l a n t  opera t ing  ru les .  A f t e r  t h i s  t r a d e - o f f  ana lys is  has 
been corr~pleted, the  hydrogenerat i  ng a1 t e r n a t i v e  maximizing economic 
e f f i c i e n c y  would be selected f o r  development. Th is  determined t h e  
water demand f o r  hyd roe lec t r i c  power product ion. 
For thermal power p lan ts ,  f o l l o w i n g  ana lys is  o f  t he  var ious 
poss ib le  power generat ing a l t e r n a t i v e s ,  as o u t l i n e d  above, heat ra tes ,  
p l a n t  e f f i c i e n c i e s  and u n i t  s izes  a re  used t o  determine gross c o o l i n g  
water requirements. Assuming a  once-through coo l i ng  system, a l l  of 
t h e  waste heat borne by t h i s  water w i l l  be discharged t o  r e c e i v i n g  
streams. Analys is  o f  the  impacts o f  t h i s  discharge on o the r  water 
uses may then be c a r r i e d  out ,  and, where s izeable p o t e n t i a l  damages 
a r e  found, and eva lua t ion  can be made o f  the  costs o f  reducing t h e  
thermal discharges, f o r  example through the  use o f  coo l i ng  towers. 
Comparing the  p o t e n t i a l  damage cos ts  t o  the  costs o f  thermal discharge 
reduct ion,  t he  ana lys t  can s e l e c t  t he  a l t e r n a t i v e  which minimizes costs.  
Th is  f i n a l  s e l e c t i o n  then determines the  water demand a t  t he  generat ing 
s i t e  (127). 
(e )  I n d u s t r i a l  -navigat ion:  Comerc ia l  nav iga t ion  on the  Great Lakes 
i s  o f  tremendous importance t o  the  economies o f  bo th  Canada and the  
U.S. Water use and demand fo recas t i ng  cons is ts  o f  es t imat ing  minimum 
flows necessary requ i red  t o  main ta in  the  a n t i c i p a t e d  l e v e l s  o f  sh ipping 
i n  the  fu tu re .  The i n p u t  t o  the  nav iga t ion  model depicted i n  F igure  7 
from the  i n d u s t r i a l  component o f  F igure 2  i s  a  s e t  o f  est imates o f  
t he  fu tu re  weight and volume o f  cargo r e q u i r i n g  t r a n s i t ,  e i t h e r  by 
nav iga t i on  o r  by o the r  means. A l t e r n a t i v e  t ranspor ta t i on  methods, 
i nc lud ing  perhaps several d i f f e r e n t  l ock  and canal con f i gu ra t i ons  
and sizes, a r e  then examined as methods o f  t ranspor t i ng  the  est imated 
fu tu re  cargo, and t h e  l e a s t  cos t  a l t e r n a t i v e  i s  se lected (128). 
Other data requ i red  r e l a t e  t o  f u t u r e  f l e e t  c h a r a c t e r i s t i c s  such as 
sh ip  size, data on l o c k  c h a r a c t e r i s t i c s  such as the  t ime requ i red  t o  
complete on passage through var ious locks  i n  t he  system, and a  
determinat ion o f  t h e  f u t u r e  nav iga t i on  season. 
These i npu ts  a re  used t o  determine the  f u t u r e  c h a r a c t e r i s t i c s  
o f  locks  and canals, together  w i t h  t h e i r  opera t iona l  parameters. The 
s e l e c t i o n  o f  the  l eas t - cos t  shipment a l t e r n a t i v e  w i l l  determine the  
fu tu re  s i z e  o f  locks  and the  need f o r  cons t ruc t i on  o f  new f a c i l i t i e s .  
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Once t h i s  basic  con f i gu ra t i on  has been selected, t he  l ock  opera t ion  
c h a r a c t e r i s t i c s  can be determined us ing a  method01 ogy out1 i ned by 
Bathurst  (129). Bas i ca l l y ,  t h i s  methodology uses lockage t r a n s i t  
t imes under var ious assumptions as t o  the  nurr~ber o f  ships i n  t r a n s i t  
though t h e  l o c k  a t  one time, i n  con junc t ion  w i t h  the  est imated t r a f f i c  
volume t o  determine the  est imated number o f  t imes each l o c k  i n  the  
system would be used i n  the  t a r g e t  year  o f  t h e  fo recas t .  
On the  basis  o f  ca l cu la t i ons  o f  basic  l o c k  operat ions i n  
t h e  f u t u r e  Bathurst  (130) computes the  water f l o w  requ i red  f o r  each 
of f o u r  func t ions :  basic  f l o w  requ i red  f o r  t h e  passage o f  ships 
through the  locks,  f lows requ i red  f o r  pondage above and below t h e  
locks, f lows requ i red  f o r  power a s s i s t  t o  l a r g e  vessels c l e a r i n g  
the  locks  and f lows requ i red  f o r  i c e  f l u s h i n g  i n  t h e  e a r l y  spr ing  
and l a t e  fa1 1  operat ions o f  t h e  locks.  Coef f i c ien ts  o f  f lows requ i red  
t o  main ta in  these func t ions  a re  ca l cu la ted  on t h e  bas is  o f  a  se r ies  
o f  equations (131) and o the r  i n fo rma t ion  from the  S t .  Lawrence Seaway 
Au tho r i t y .  
( f )  Recreat ion: Water forms an i n t e g r a l  p a r t  o f  most rec rea t i ona l  
a c t i v i t i e s .  I t s  r o l e  can range from the  medium w i t h i n  which t h e  
a c t i v i t y  takes p lace (e.g. swimming) t o  p a r t  o f  the  to t31  environment 
o r  experience o f  t he  a c t i v i t y  (e.g. s i g h t  seeing). The t h e o r e t i c a l  
issues i n  rec rea t i ona l  water demand forecast ing were o u t l i n e d  by 
Pearse (132), b u t  t o  date l i t t l e  a d d i t i o n a l  work has been done on 
t h i s  sub jec t .  The o u t l i n e  f o r  t h e  P r a i r i e  Provinces Water Demand 
Study (133) suggested a  methodology f o r  f o recas t i ng  water demands 
f o r  recreat ion ,  and t h i s  methodology, depicted i n  F igure 8, i s  t h e  
bas is  f o r  t h e  f o l l o w i n g  ma te r ia l .  
As Pearse s ta tes ,  t he  p rov i s ion  o f  p u b l i c  rec rea t i ona l  
oppor tun i t i es  has been v i r t u a l  l y  f ree  i n  Canada, apa r t  from nominal 
charges f o r  e n t r y  t o  some rec rea t i ona l  s i t e s .  I t  seems t o  be a  v a l i d  
assumption t h a t  t h i s  s i t u a t i o n  w i l l  cont inue i n t o  the  fu tu re ,  t h e  
i m p l i c a t i o n  being t h a t  zero o r  nominal p r i c i n g  must be assumed i n  
fo recas t i ng  rec rea t i ona l  water demands. The small amount o f  Canadian 
e f f o r t  devoted t o  t h i s  type o f  water demand fo recas t i ng  t o  date has 
concentrated upon fo recas t ing  the  amount of p a r t i c i p a t i o n  t o  be 
expected i n  any g iven waterborne rec rea t i ona l  a c t i v i t y ,  o r  s e t  of 
a c t i v i t i e s  measuring t h e  c h a r a c t e r i s t i c s  o f  supply o f  water-based 
rec rea t i ona l  oppor tun i t i es ,  and def in ing  methods a l l o c a t i n g  t h e  
demand t o  a v a i l a b l e  s i t e s .  I n  t h i s  manner, a t  l e a s t  the  demand f o r  
water based rec rea t i ona l  f a c i l i t i e s  can be predic ted,  and p lanning 
undertaken t o  ensure t h a t  i t  can be met. 
Four major quest ions must be faced i n  fo rmula t ing  a  model 
f o r  p r e d i c t i n g  rec rea t i ona l  water demands: t h e  supply c h a r a c t e r i s t i c s  
o f  water-based rec rea t i ona l  oppor tun i t i es  ; t h e  c h a r a c t e r i s t i c s  of 
demand by t h e  study a rea ' s  populat ion;  and a  method o f  a l l o c a t i n g  
t h e  demand t o  a v a i l a b l e  s i t e s ;  and t h e  requirements f o r  water-based 
f a c i l  i t i e s  as a  r e s u l t  of p red i c ted  demands a t  t he  l o c a l  l e v e l  . 
Figure  8  suggests a  model f o r  rec rea t i ona l  water use and demand 
forecast ing,  b u t  t h i s  model i s  suggest ive on l y  because o f  t h e  apparent 
l ack  of Canadian experience i n  t h i s  area. 
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The supply o f  rec rea t i ona l  oppor tun i t i es  concerns the  
number o f  s i t e s ,  s i t e  s i z e  (e.g. t o t a l  acreage, acreage o r  footage 
o f  beach, e t c .  ),  s i t e  development (e.g. number o f  campsites, m i l es  
o f  walk ing o r  hunt ing t r a i l s ,  e tc . )  and a c c e s s i b i l i t y  from major 
populat ion centers. Analys is  o f  demand c h a r a c t e r i s t i c s  i nc lude  the  
number o f  persons p a r t i c i p a t i n g  i n  i n d i v i d u a l  a c t i v i t i e s ,  or, b e t t e r  
s t i l l ,  i n  "packages" o f  r e l a t e d  rec rea t i ona l  a c t i v i t i e s  (e.g. 
swimming, boat ing and canoeing). P a r t i c i p a t i n g  i n  rec rea t i on  i s  
associated w i t h  many fac to rs ,  such as income l e v e l ,  sex, age, 
educat ional l eve l ,  e tc .  The Canadian Outdoor Recreat ional Demand 
Study (CORDS) (1  34) r e l a t e d  p a r t i c i p a t i o n  ra tes  t o  socio-economic 
fac to rs ,  such as age, sex, and income, and fo recas ts  o f  these fac tors  
provides a  bas is  on which p a r t i c i p a t i o n  ra tes  can be pro jected.  The 
CORDS data prov ide an adequate basis  f o r  fo recas t ing  p a r t i c i p a t i o n  
ra tes ,  b u t  i f  t h i s  source i s  deemed out-of -date when a  p a r t i c u l a r  
study i s  undertaken, a  new household survey could be conducted t o  
formulate new ra tes .  Applying the p a r t i c i p a t i o n  ra tes  t o  p ro jec ted  
populat ion w i l l  generate est imates o f  the  number o f  persons expected 
t o  p a r t i c i p a t e  i n  each a c t i v i t y  o r  package o f  a c t i v i t i e s .  
The f o r m ~ ~ l a t i o n  t o  a model t o  l i n k  s ~ ~ p p l y  w i t h  demand i s  
s t i l l  the  sub jec t  o f  i n v e s t i g a t i o n  i n  Canada, w i t h  no one method 
being accepted as " co r rec t " .  One promising approach i s  based upon 
the  g r a v i t y  model analogue, a  we1 1  -establ  i shed research technique 
i n  t he  soc ia l  sciences. Bas i ca l l y ,  t h i s  model i s  used t o  exp la in  
the  i n t e r a c t i o n  between two "centers o f  a t t r a c t i o n " .  I n  t he  case 
of rec rea t i ona l  demand ana lys is ,  the  "centers o f  a t t r a c t i o n "  a re  
the  source o f  demand f o r  rec rea t i ona l  oppor tun i ty  (e.g . an urban 
area) and a  p a r t i c u l a r  rec rea t i on  s i t e  o r  group o f  s i t e s ,  and, as 
i n  t he  c l a s s i c a l  g r a v i t y  model o f  physics, t he  a t t r a c t i v e  force 
between the  two centers i s  t h e  d is tance between them. Thus, 
t h e o r e t i c a l  ly ,  once t h e  model has been ca l  i brated, t he  demand fo r  
rec rea t i on  a t  a  p a r t i c u l a r  s i t e ,  i n  terms o f  nurr~bers o f  persons, 
can be pred ic ted  us ing the  popu la t ion  o f  centers which e x e r t  a  
demand on t h e  s i t e  and t h e  d is tances between those centers and 
t h e  s i t e .  Ross' work on oppor tun i t y  quot ien ts  (135) i s  one example 
o f  the  a p p l i c a t i o n  o f  t h e  g r a v i t y  model concept. The oppor tun i ty  
quo t i en t  takes i n t o  account t he  i n t e r a c t i o n  o f  supply and demand 
fac to rs .  The r e s u l t  o f  the  ana lys i s  i s  an index o f  rec rea t i on  
oppor tun i ty  f o r  any p a r t  o f - t h e  study area; these i nd i ces  can be 
mapped t o  form a  "sur face"  o f  rec rea t i ona l  opportuni ty ,  much i n  
the  same way t h a t  a  topographic map dep ic ts  a  physical  surface. 
The u t i l i t y  o f  t h i s  "oppor tun i ty  sur face"  i s  i n  i t s  a p p l i c a t i o n  t o  
i d e n t i f y i n g  areas d e f i c i e n t  i n  rec rea t i ona l  opportuni ty ,  a n d b i n  i t s  
use i n  analyz ing t h e  e f f e c t s  o f  new s i t e s  i n  the  study area. 
An a l t e r n a t i v e  t o  the  approach o u t l i n e d  above i s  t o  use 
regression ana lys i s  t o  r e l a t e  rec rea t i ona l  s i t e  attendance t o  a  number 
o f  independent var iab les  such as s i t e  a t t rac t iveness ,  a1 t e r n a t i v e  
s i t e s ,  popu la t ion  o f  t h e  se rv i ce  area, e t c .  Cheung (136) used t h i s  
model t o  develop a  day use park v i s i t a t i o n  model, which gave a  h igh  
l e v e l  o f  explanat ion ( i  .e. 91%) of the  t o t a l  var iance of the  dependent 
var iab le ,  the  use o f  parks by day users employing, as independent 
var iables,  s i t e  a t t rac t iveness,  serv ice  area populat ion, t h e  avai 1 - 
a b i l i t y  o f  a l t e r n a t i v e  s i t e s  and t h e  d is tance between the  populat ion 
centers and t h e  s i t e .  
Once t h e  f u t u r e  demands f o r  rec rea t ion  have been a l l oca ted  
t o  the  var ious s i t e s ,  i t  remains t o  determine the  water requirements 
and the  requ i  rernents f o r  r e l a t e d  f a c i  1  i t i e s .  One important require-  
ment i s  the  f l o w  o f  water t o  meet f u t u r e  demands f o r  swimming, 
boating, f i s h i n g ,  e t c .  This could be determined using c o e f f i c i e n t s  
based upon past  experience (e.g. flow i n  c f s  per  1,000 users). An 
add i t i ona l  requirement would be f o r r e l a t e d  f a c i l i t i e s ,  such as camp 
s i tes ,  boats, amenities, e tc .  Again, a  c o e f f i c i e n t s  approach could 
be taken as a  f i r s t  approximation. 
This sec t ion  has o u t l i n e d  the  cu r ren t  s t a t e  of t he  a r t  i n  
water use and demand forecast ing i n  Canada. The models being used 
take i n t o  account bo th  the  more t h e o r e t i c a l  considerat ions j n  t h i s  
f i e l d  and t h e  p r a c t i c a l  l i m i t a t i o n s  o f  data, manpower and budgetary 
resources. The a l t e r n a t i v e  fu tu res  framework forms the  basis f o r  
f o recas t ing  water uses and demands. The var iab les  determining water 
use and demand have been l i n k e d  together  i n  a  systenis framework f o r  
each major water use sector,  using t h e  r i v e r  basin and l o c a l  l e v e l  
as the  main l e v e l  o f  analys is .  D i f f i c u l t y  s t i l l  e x i s t s  i n  implementing 
p r i c i n g  considerat ions i n t o  app l ied  water demand forecast ing  pro jec ts ,  
bu t  t h i s  d i f f i c u l t y  can be p a r t i a l l y  overcome by using demand equations 
from previous s tud ies  i f  time o r  money precludes d e t a i l e d  examination 
o f  p r i ce :  q u a n t i t y  re la t i onsh ips .  Economic i n t e r r e l a t i o n s h i p s  and 
techno1 og i  c a l  advances are  a1 so i ncorporated i n t o  t h e  model out1 i ned 
i n  t h i s  sect ion.  
F .  SUMMARY AND CONCLUSIONS 
Water use and demand fo recas t ing  i n  Canada have been c a r r i e d  
out, f o r  t he  most par t ,  us ing elementary methods, which have o f t e n  
consisted of merely m u l t i p l y i n g  a  water use c o e f f i c i e n t  by a  pro jec ted 
popu la t ion  o r  economic a c t i v i t y  l e v e l  . Even i n  a  country 1  i ke Canada 
which has a  r e l a t i v e  abundance o f  water compared t o  i t s  populat ion, 
economi c  a c t i v i t y  , emerging water management issues may requ i re  the  
adoption o f  more soph is t ica ted methods. These issues r e l a t e  t o  water 
management i n  drought s i t ua t i ons ,  the r o l e  o f  water i n  energy production, 
t h e  growing number o f  c o n f l i c t s  between water uses, the  importance of 
water use considerat ions i n  water qua1 i t y  management, and the  increasing 
demands on water i n  i n t e r n a t i o n a l  drainage basins. 
Water demand forecast ing  i s  considered t o .  be p r i m a r i l y  
water management instrument, t h e  main purpose i s  o f  which t o  explore 
t h e  water resource impacts of fu ture  developments i n  the  nat iona l ,  
reg iona l  and l o c a l  economies. To dctke acaount o f  t he  many possi b i l  i t i e s  
f o r  f u t u r e  devglopment, water use and demand forecast ing  should use the  
a l t e r n a t i v e  fu tu res  approach. This approach a1 lows i n v e s t i g a t i o n  o f  
a whole range o f  development p o s s i b i l i t i e s  w i t h  regard t o  t h e i r  impacts 
on water use and demand. Because o f  unce r ta in t y  regarding the  future, 
t he  a l t e r n a t i v e  fu tu res  approach I s  considered super io r  t o  p r e d i c t i n g  
water use assumln on l y  one development pa th  (e.g. e x t r a p o l a t l o n  o f  
pas t  growth r a t e s  3 . 
Water use and demand fo recas t i ng  should be c a r r i e d  o u t  on 
a  r i v e r  basin and l o c a l  bas is  so t h a t  r e s u l t s  a re  compatible w i t h  
data and analyses of water supp l ies  and s p e c i f i c  emerging problems 
quan t i f i ed  as t h e  bas i s  f o r  water resource p lanning.  I n  Canada, t h e  
need t o  use r i v e r  basins as pr imary s p a t i a l  u n i t s  has caused some 
d i f f i c u l t y ,  p a r t i c u l a r l y  i n  a d j u s t i n g  a v a i l a b l e  socio-economic da ta  
which a r e  normal ly  a v a i l a b l e  on l y  on a  census reg ion  basis .  
The r o l e  o f  p r i c e  i n  water demand has no t  been s tud ied  i n  
d e t a i l  i n  Canada. Studies which have been c a r r i e d  o u t  con f i rm  
f i n d i n g s  i n  o the r  areas t h a t  t he  demand f o r  water i s  c e r t a i n l y  no t  
i n s e n s i t i v e  t o  p r i c e ,  as has been assumed i n  most a p p l i c a t i o n s  o f  
water use and demand fo recas t ing  i n  Canada t o  date. Subs tan t ia l  
d i f f i c u l t y  e x i s t s  i n  assur ing t h a t  t h e  economic c h a r a c t e r i s t i c s  o f  
water demand a r e  taken i n t o  account. Th is  d i f f i c u l t y  a r i s e s  because 
Canada's general water abundance has created an a t t i t u d e  t h a t  water  
i s  a  " f r ee "  good, which i n  t u r n  has l e d  t o  a  f a i l u r e  t o  de f i ne  and 
i n v e s t i g a t e  t h e  r o l e  of p r i c e  i n  a l l o c a t i n g  water amongst users. 
Economic i n t e r r e l a t i o n s h i p s  and techno log ica l  change have 
been demonstrated t o  be impor tan t  i n  f o recas t i ng  water demands. 
Changes i n  p roduc t ion  i n  any g i ven  i n d u s t r y  w i l l  generate changes i n  
water use n o t  on l y  i n  t h a t  i n d u s t r y  b u t  a l s o  i n  a l l  i n d u s t r i e s  which 
supply i t s  inpu ts .  I n  many cases the  l a t t e r ,  i n d i r e c t  changes i n  
water use can be l a r g e r  than t h e  i n i t i a l  change i n  water use i n  t he  
p a r t i c u l a r  i n d u s t r y  exper ienc ing growth. I npu t -ou tpu t  ana l ys i s  i s  
designed t o  take  account o f  economic i n t e r r e l a t i o n s h i p s ,  and t h e  paper 
showed how t h i s  technique has been adapted t o  water demand forecast ing.  
Technological  change w i l l  a f f e c t  t he  way i n  which water i s  used and 
thus t h e  q u a n t i t i e s  o f  water demanded. It i s  essen t i a l  t h a t  changes 
i n  technology be considered i n  water demand fo recas t ing .  
Water demand fo recas t i ng  i s  thus a  complex undertaking. I n  
Canada, the approach being taken t o  i t  i s  based on systems ana l ys i s  
t o  a l l ow  cons idera t ion  o f  t he  l a r g e  number o f  va r i ab les  i n  water  use 
t o  be taken i n t o  account. The na t i ona l  framework o f  t he  model anaiyzes 
bas ic  data on popu la t ion  and i n d u s t r i a l  p roduc t ion  under a1 t e r n a t i v e  
growth assumptions, and breaks these data down i n t o  r i v e r  bas in  and 
l o c a l  reg ions.  These data then form the  i npu ts  t o  d e t a i l e d  sector-by- 
sec tor  fo recas ts  o f  water  demand a t  t h e  l o c a l  l e v e l .  The sectors o f  
water  use analyzed a t  the  l o c a l  l e v e l  inc lude munic ipal ,  i n d u s t r i a l  
( i n c l u d i n g  manufactur ing, mining, a g r i c u l t u r e ,  energy generat ion and 
nav iga t i on ) ,  and rec rea t i on .  The l a s t  p a r t  o f  the paper o u t l i n e d  
models being used i n  Canada t o  p r e d i c t  water use and demand i n  each 
major water use sec tor .  Throughout t h i s  p a r t  o f  the paper, an e f f o r t  
has been made t o  out1 i n e  methods which can be i n s t i t u t e d  i n  Canada, 
g i ven  the  c u r r e n t  a v a i l a b i l i t y  of data, t he  types o f  s tud ies  i n  which 
water use and demand fo recas t ing  must be e~iiployed, and the  c u r r e n t  
a t t i t u d e s  t o  t h i s  f i e l d  of study on the  p a r t  of Canadian water 
managers. 
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